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(54) Tide: MCMHJLATORS W AMYLOID AGGREGATION 
(57) Abstract 

Compounds that moduIaiB Ifae aggregation of amyloidogenic proteins or peptides are diselosed. Tbe modulators of die invendon ean 
pmnole amyloid aggn^adon or. more piefeuiUy, can inhibit natuial amylcdd aggregadoo. In a prelbtred embodiment, die compounds 
modukie the aggregadoo of natural fi amyloid peptides (0-AP). In a prefeixed embodiment, die 0 amyloid modulator compounds of the 
hivention are conipflsed of an A0 aggi^(adon core domahi and a modifying group c o u|toi diereto such dut die compound alien die 
aggregation or inhibits the neurotoxicity of natttal fi amyloid peptides when contacted witti die peptides. Furtheimoce, the modulatxns are 
capable of altering nannal^-AP aggregation when die natural /9-APs are in a molar excess amount leladve to die modulators. Pharmaceutical 
ccmipodtions comprising die oompoumls of die invendon, and diagnostic and treatment melbods for amyloidogenic diseases using die 
compounds of die invention, are also disclosed* 
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MODUIATORS OF AMYLOID AGGREGATION 

Background of th^ [|rY«it%^ 

Ahheimer's disease (AD), first described by the Bavarian psychiatrist Alois 
5 Ahdicimer in 1907, is aprogressive narological disoidCT that begins witfi short tenn memoiy 
loss and proceeds to discnientation* in^udnnent of judgement and icasoning and, ultima^y, 
d ftmpnfia . The course of die disease usually leads to death in a severely ddrilitated, immobile 
state between four and 12 years after onset ADhasbeenestimatedtoafQictS to II percent 
of the populsdcm over age 65 and as much as 47 percent of the population over age 85. The 
1 0 societal cost fyr managmg AD is upwards of 80 billion dollars annually, primari ly due to the 
extensive custodial care required for AD patients. Moreover, as adults bom during the 
population boom of the I MO^s and 1950'$ qyproach the age v^ 
prevalent, the connol and treatment of AD will become an even more significant health care 
problem. Currently, there is no treatment that significantly retards the progression of die 
15 disease. For re\'ievk« on AD, see Selkoe, D J. ScL Amer , November 199!, pp. 68-78; and 
Yankner, BA. ei al (1991) At Eng. J, Med. 125:1849-1857. 

It has recently been reported (Games et al. (1995) Nature 122:523-527) that an 
Alzheimer-type neuropathology has been created in transgenic mice. The transgenic mice 
exjness high lex'els of human mutant amyloid precursor protein and progressively develop 
20 many of the pathological conditions associated with AD. 

Pathologically, AD is characterized the presence of distinctive lesions in the 
victim's brain. These brain lesions include abnormal intracellular filaments called 
neurofibrillary tangles (NTFs) and exoacellular deposits of amyloidogenic proteins in senile, 
or amyloid plaques. Amyloid deposits are also present in the walls of cerebral blood vessels 
25 of AD patients. The major protein constituent of amyloid plaqws has been identified as a 4 
kilod&lton peptide called P-amyloid peptide (p-APXGlenner, G.G. and Wong, C.W. (1984) 
Biockem. Biophxs. Res. Commun. 120:885-890; Masters, C. etal. (1985) Proc. Natl. Acad 
ScL USA ^:4245-4249), DiflRise dqjosits of (J-AP are frequently observed in normal adult 
brains, whereas AD brain tissue is characterized by more conqiacted, dense-core P-amylotd 
30 plaques. (Sec e.g., Davies, L. et al. (1988) Neurology Ifi: 1688-1693) These observations 
suggest tiiat p-AP deposition precedes, and contributes to, die destruction of neurons that 
occursinAD. In furtiiersiqipGrtofa direct padiogenic role fo^ 

shovm to be toxic to mature neurons, bodi in culture and teWvo. Yankner,Bj\.e/a/. (1989) 
SWe/ice 245:417^420: Yankner,B,A.^/ at {1990) Proc. Natl. Acad ScL WW 12:9020-9023; 
35 Roher, A£. et al (1991) Biochem. Biophys. Res, Commun. 124:572-579; KowalL N.W. et al. 
(1991) Proc. Natl Acad Sci. USA 88:7247-7251. Furtiierm0rc patients with hereditary 
cerebral hemoiriiage witii amyloidosis-Dutch-type (HCHWA-D), which is characterized by 
difiRise P-amyloid deposits witiiin the cerebral cortex and cerebrovasculaturc, have been 
shown to have a point mutation that leads to an amino acid substitution within 3-AP. Levy, 
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E era/. (1990) Science 2^:1124-1 126. Tiib observaiioQ deinooslxBtes that a specific 
alteradoD of the p-AP sequence can cause ^amyloid to be deposited. 

Natural P-AP is derived by proteolysis fioro a much larger protein called the amyloid 
precursor protein (APP). Kang, J. etaL (1987)^ifl^tlre^:733; Goldgabcr. D. etai (1987) 
5 Science 235:877; Robakis, N JL et aL (1987) Proc Natl. Acad ScL USA M:4190; Tanzi, 
ILE. et al. f 1987^ Sciemr e 235 :880. The APP gene mflps to chromosome 21, therd)y 
providing an e3q)lanation for the ^amyloid deposition seen at an early age in individuals with 
Down's syndrome, ^ch is caused by trisomy of diromosome 21. Marm, D^. et al, (1989) 
NeuropathoL AppL Neurobiol 1^311; Rumble, B. etal. (1989) K Eng. J, Med. 320:1446. 

1 0 APP contains a single membrane spanning domain^ wi& a long amino termmal region (about 
two-thirds of the protem) extending into the extracellular a viranment and a shorter carboxy- 
tetminal region projectirig into the cytpplasm. Differential splicing of the APP messcng» 
RNA leads to at least five forms of APP, composed of either 563 amino acids (APP-S63)» 
695 amino acids (APP-695), 714 amino acids (APP.714), 751 amino acids (APP-751) or 770 

1 5 amino acids (APP-770). 

Within APP, natuially-occuning p amyloid peptide begins at an aspanic acid residue 
at amino acid positiwi 672 of APP-770. Naturally-occurrir^ ^AP derived from proteolysis 
of APP is 39 to 43 amino acid residues in length, depending on the carboxy-terminal er^ 
point which exhibits heterogeneity. The predominant circulating form of p-AP in the blood 

20 and cerdirospinal fluid of both AD patients and normal adults is pi-40 ("short p**). Seubert, 
P. €1 al. (1992) Afamre 359:325: Sbcgi, M. et al. (1992) Science 22S:126. However. PM2 
and pl-43 ("long P**) also are forms in P-amyloid plaques. N4asters, C. et td. (1985) Froc. 
Natl. Acad ScL USA £:4245; MiUer. D. etai (1993)^rcAL Biockem. Biophys. iQUAl ; Mori, 
H. et aL ( 1 992) 7. BioL Ghent 2SL 1 7082. Although the indse molecular mechanism 

25 leading to P-APP aggregation and deposition is tuiknowm the process has been likeied to that 
of rmcleation-dependent polymerizations, such as protein crystallization* microtubule 
fomiation and actin potymerizatioa See e.g. , Jarrett, J.T. and Lansbury, PX ( 1 993) Cell 
72:1055-1058. In such processes, polymerization of monomer components does not occur 
until nucleus fcmnation. Thus, these processes are characterized by a lag time before 

30 aggregation occurs, followed by rapid polymerization after nudeation. Nucleation can be 
accelerated by the addition of a "seed" or preformed nucleus, which results m rqiid 
polymerizatioiL The long pfixmsofp-AP have been shown to act as seeds, thereby 
accelerating polymerization of both long and short p-AP fonns. Janttt, J J. et al. (1993) 
Blochemisny 12*4693. 

35 In one study, m which anuno acid substitutions were made m P-AP, two mutant P 

peptides were reported to interfere with polymerization of non-mutated P-AP when the 
mutant and non-muiant forms of pqptide were mixed Hilbich, C. et aL (1992) J. MoL BioL 
228:460-473. However^ equhnolar amounts of the mutant and non-mutant (/.e., nannal) p 
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amyloid pq>tides were used to see this effect and the nwtmt peptides were reporta^ u> be 
unsuitable for use in vrm. WMduCetaL (1992}, stg^a. 

Summary of the Imrgnt^ft 
5 This invention pertains to compounds^ and pharmaceutical compositions thereoi^ that 

can modulate the aggregation of amyloidogenxc proteins and peptides, in paiticuiar 
con^iounds that can modulate the aggregation of natural p amyloid peptides ( p- AP) and 
inhibit the neurotmidty of naniraip-APs. In (me embodiment, the mvemion provides an 
amyloid modulator compound conqirismg an amyioidogemc protein, or peptide fiagment 

1 0 thereof coupled directly or indhectly to at least one modifying group such Aat the compound 
modulates the aggregation of natural amyloid protems or pqiddes when contacted with the 
natural amyioidogemc protems or pepddes. Preferably, the compound inhibits aggregation of 
natural amyioidogemc proteins or peptides v/hcn contacted wiA die natural amyloidogenic 
proteins or peptides. The amyioidogemc protein, or peptide firagment thereof, can be, for 

1 5 example, selected fiom the group consisting of transthyretin (TTR), prion protein (PrP), islet 
amyloid polypeptide (lAPP), anial natriuretic factor (ANF), kappa light chain, lambda Ught 
chain, amyloid A, procalcitomn, cystatin C» p2 microglobulin, ApoA-I, gelsolin, 
]»ocalcitonin, calcitonin^ fibrinogen and lysozyme. 

In the most preferred embodiment of the inventioUf the coii^und modulates the 
20 aggregation of natural P-AP. The invention provides a p-amyloid peptide compound 
comprising a fomnda: 



(Xaa<^ 

25 wherein Xaa is a p-amyloid peptide having an amino-terminal amino acid residue 

corresponding to position 668 of |J-amyloid precursor protcin-770 (APP-770) or to a residue 
carboxy-terminal to position 668 of APP-770, A is a modifying groi^ attached directly or 
mdirecdy to the p-amyloid peptide of the compound such that die compound inhibits 
aggregation of natural p-amyloid peptides when contacted with the natural P-amyloid 

3 0 peptides, and n is an integer selected such that the compound inhibits aggregation o f naniral 
Mmyloid peptides "wbcn ccmtacted witii the natural P-amyloid pqiddes. 

In one embodunent, at least one A groiip is attached directly or indiiecdy to the amino 
terminus of the p-amyloid peptide of the compound. In another embodimenL at least one A 
group is attached dircctiy or indirectiy to the carboxy terminus of the p-amyloid peptide of 

35 the compound. In yet another embodiment, at least one A group is attached directly or 
indirectiy to a side chain of at least one amino acid residue of the p-amyloid peptide of the 
compound. 
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Therinvaitioii also provides a ^-amyloid modulator conqniund comprising an Ap 
i^gregation core domain (AO)) coi^lol dxiecdy or indir^ 

gzoq) (MG) sudi that the compound modulates the aggregation or inhibits the neuiotoxid^ 
of natural ^-amyloid pgrtides ^vAen contacted "with the natural ^-amyloid peptides* 
Preferably, the Ap aggregation core domam is modeled after a subregira of natural p- 
amyloid pqitide between 3 and 10 amino acids in length. 

Hie invention also provides p-amy loid modulator compound comprising a formula: 

( Y-Xaai-Xaa2-Xaa3-Z0 



wherein Xaa | , Xa22and Xaa^ are each amino add structures azid at least two of Xaa^ » 
Xaag and Xaaj are, independently, sdected from fhe group consisting of a leucine structure, a 
phenylalanine structure and a valine structure; 

which may or may not be present, is apeptidic structure having the 
15 f<nmula pCu)a9 wlnrein Xaa is any amino acid structure and a is an integ^ 1 to 15; 

Z, which may or may not be present, is a peptidic structure having the 
fomiula (Xaa)^, v^lmein Xaa is any amino add structure and b is an integer from 1 to IS; and 
A is a modifying group attached directly or indirectly to the compound and n 

is an integer; 

20 Xaa) » Xaa2. Xaa^, Y. Z, A and n being selected such that the compound modulates 

the aggregation or inhibits the neurotoxicity of natural p-amyioid peptides when contacted 
with the natural p-amyloid peptides. In a preferred embodiment. Xaa| and Xaa2 are each 
phenylalanine structures. In another pr e fe ned embodiment Xaa2 and Xaa3 are each 
phenylalanine structures. 

25 The invention further provides a p-amyloid nuKlulator compound comf^ising a 

formula: 

An 

( Y-Xaai-Xaa2-Xaa3-Xaa4-Z0 



30 wherein Xaaj and Xaa3 are amino acid structures; 

Xaa2 is a valine structure; 
Xaa4 is a phenylalanine structure; 

Y, which may or may not be present, is a peptidic structure having the 
formula (Xaa)^, wherein Xaa is any amino add structure and a is an integer fiom 1 to 15; 
35 Z, which may or may not be present, is a peptidic structitre having the 

formuk(Xaa)i^ wherein Xaa is any arnixK) add structure and bis an integer from 1 to 15; and 
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- A is a modifying gicq> attached directly or indiiecriy to thg eftmppimtf m<j n 
is an integer; 

Xaaj, Xaa3, Y»Z, A and n being selected such that tiie compound modulates the 
^gregation or inhibits the neurotoxicity of natural ^-amyloid pepddes when contacted ivith 
5 the natural P-amyloid peptides. In a prefened embodiment, Xaaj is a leucine stnicnire and 
Xaa3 is phenylalanine structure. 

The invention still further provides a compound comprising the formula: 

A-XaapXaa2-Xaa3-Xaa4-Xaa5-Xaa5-Xaa7-Xaas-B 

10 

wherein Xaal is a histidine structure; 
Xaa2 is a glutamine scmcture; 
Xaa3 is a lysine structure; 
Xaa4 is a leucine strttcture; 
IS XaaS is a vaime ^nicture; 

Xaa6 is a i^enylalanine structure; 
Xaa7 is a phenylalanine stntcture; 
Xaa8 is an ahmine structure; 

A and B are modifying groups attached directly or indirectly to the amino 
20 terminus aixicaifooxytermintis^ respectively, of the compound; 

and «1»ein Xaa]-Xaa2-Xaa3, XaapXaa2 or Xaa| may or may not be present; 
Xaag may or may not be present; and 
at least one of A and B is present 
The invention still further provides a p-amyloid modulator compound comprising a 
25 modifying group attached directly or indxrectiy to a peptidic stmcture, wherein the peptidic 
struaure comprises amino acid structures having an amino acid sequence elected fiom the 
group consisting of His-Gln-Lys-Leu-Val-Phe^Phe-Ala (SEQ ID NO: 5), His<ihi-Lys-Leu- 
Val-Phe-Phe (SEQ ID NO: 6), Ghi-Lys-Leu^Val-Phe-Phe-Ala (SEQ ID NO: 7), Gln-Lys^ 
Leu-Val-Phe-Phe (SEQ ID NO: 8), Lys-Leu-Val-Phe-Phe-Ala (SEQ ID NO: 9), Lys^Leu- 
30 Val-Phe-Phe (SEQ ID NO: 10), Leu-Val^Phe-Phe-Ala (SEQ ID NO: 1 1), Leu-Val-Phe-Phe 
(SEQ ID NO: 12), Leu-AIa-Phe-Phe^Ala (SEQ ID NO: 13), Val-Phe-Phe (SEQ ID NO: 19), 
Phe-Phe-Ala (SEQ ID NO: 20), Phe-Phe-Val-Leu-Ala (SEQ ID NO: 21), Leu-Val-Phe-Phe- 
Lys (SEQ ID NO: 22), Leu-VaModotyrosine-Phe-AUi (SEQ ID NO: 23), Val-Phe-Phe-Ala 
(SEQ ID NO: 24), Ala-Val-Phc-Phe-Ala (SEQ ID NO: 25), Lcu-Val-Phe-Iodotyrosinc-Ala 
35 (SEQ ID NO: 26), Leu-Val-Phe-Phe-Ala^ilu (SEQ ID NO: 27), Phe-Phe-Val-Leu (SEQ ID 
NO: 28), Phe-Lys-Phe-Val-Leu (SEQ ID NO: 29), Lys-Leu-Val-Ala-Phe (SEQ ID NO: 30). 
Lys-Lcu^Val-Phe-Phe-pAla (SEQ ID NO: 3 1) and Leu-Val-Phe-Phe-DAla (SEQ ID NO: 32). 

In the compounds of die invention comprising a modifying group, preferably the 
modifying group comprises a cyclic, heterocyclic or polycydic group. Prefened modifying 
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groqxscoiisaiiisads-decalmgimpfSUchasac^ Pteiisned modifyiqg 

groins include a cholylgioqp, afaicmiMoniaiim^grotip^adieihyle^ 

group, a (-)-meiitba(xyaceiyl gn>iq>, afltraesceinrccxiitaim^ gioiq) or anN^-acetylneiuazninyl 

group. 

5 The compounds of tbe invention can be further nKKitfied, forexanq>le to alter a 

{duotnacokinetic property of the compound or to label die compound with a detectable 
substance. Preferred radioactive labels are radioactive iodine or tcdmetimn. 

Tbe invention also i^vides a p-amyloid modulator which inhibits aggregation of 
natural P-amyloid peptides vAiien contacted with a molar excess amount of natural ^-amyloid 
10 pepddes. 

The invention also provides a ^-amyloid pqvddc canqsoimd comprising an amino add 
sequence having at least one anuno add deletion conQwed to PAP1.39, such that the 
compound inhibits aggregation of natural p*amyloid pqstides vdien contacted with the natural 
^amyloid pepddes. In one embodiment, the compound has at least one internal amino acid 

IS deleted compared to pAP].39. In another embodiment, the compound has at least one N- 
terminal amino acid deleted compared to pAP|«39^ In yet another onbodiment, the 
compound has at least one C-terminal amino acid deleted compared to PAP]. 39. Preferred 
compounds include PAPg-io (SEQ ID NO: 13), PAPi^-sq (SEQ ID NO: 14), pAP|.20. 26-40 
(SEQIDNO: I5)andEEVVHHHHQQ-PAP,6^o(SEQIDNO: 16). 

20 The compounds of the invention can be formulated into pharmaceutical composidons 

comprising the compoimd and a pharmaceutically acceptable carrier. The compounds can 
also be used in die manufacture of a medicamem for die diagnosis or treatment of an 
amyloidogenic disease. 

Another aspect of the invention pertains to diagnostic and treatment methods using 

25 the compounds of the invention. The invention provides a method for inhibidng aggregadon 
of natural p-amyloid peptides, comprising contactir^ die natural p-amyloid peptides with a 
compound of the invention such that aggregation of the natural p-amyloid peptides is 
inhibited. The invention also provides a method for inhibiting neinx>toxicity of natural p- 
amyloid pq;>tides, comprising contacting the natural p-amyloid peptides widi a compouiKl of 

30 the invention such that neurotoxidty of the natural P-amyloid peptides is inhibited 

In another embodiment, the invention provides a method for detecting the presence or 
absence of natural p-eniyloidpqytides ma biological sample, comprising contactu^ a 
biological sample with a compound of the inventicm and detecting the compound bound to 
natural p-amyloid peptides to dsereby detect the presence or absence of natural P-amyloid 

35 peptides m the biological 5anq>le. In one embodiment the p-amyloid modulator compound 
and the biological sample are contacted in vitro. In anotter embodiment, the p-amyloid 
modulator con^mmd is contacted widi the biological ssmple by adirunistering the p-amyioid 
modulator compound to a stibject For in vivo admmistration, preferably the compound is 
labeled widi radioactive technetiimi or radioactive iodine. 
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In anodier embodiment, the invendott provides a xhethod for detecting natural P- 
amyloid peptides to facilitate diagnosis of a P-amyloidogenic disfase, gnmpnsing contacting 
a biological sample with a compound of the invention and detecting the compound bound to 
natural P-amyloid peptides to fiunlitate diagnosis of a p-amyloidogenic disease. In one 
5 embodiment, Ac ^-amyloid modulator compound and the bioiogicai 5aII^)le am contacted in 
vitro. In another embodiment, tfie P«4anyloid modulator compound is cox^^ 
biological sample by administering Ae ^-amyloid modulator compound to a subject. For in 
VIVO administzationt preferably die compound is labeled with radioactive technetium or 
radioactive iodine. Preferably, the mediod&cilitates diagnosis of Alzheimer's disease. 
10 The invention also provides a method for treati]^ a sulgect for a disorder 

with amyloidosis, comprising administering to the sulgect a tterq)eutically or 
prophylactically effective amount of a compound of the invention such that the subject is 
treated for a disorder associated witii amyloidosis* The method can be used to treat disordeis 
is selected for example, from the group consisting of familial amyloid polynecropathy 
1 5 (Portuguese. Japanese and Swedish types), &milial amyloid cardiomyopathy (Danish type), 
isolated cardiac amyloid, systemic senile amyloidosis, scrapie, bovine ^ngifcmn 
encephalopathy, Creutzfeldt-Jakob disease, Geistmann-Straussler-Scteinker syndrome, adult 
onset diabetes* iRTOlinoma, isolated atrial amyloidosis, idiopathic O^rimary) amyloidosis, 
myeloma ormacrogiobulinemia-associated amyloidosis, primary localized cutaneous 
20 nodular amyloidosis associated widi Sjogren's qrndrome, reactive (secondary) amyloidosis, 
fomilial Mediterranean Fever and fomilial amyloid nephropathy with urticaria and drafiifts^ 
(Muckle-Wells syndrome), hereditary cereteal hemonfaage with amyloidosis of Icelandic 
type, amyloidosis associated with long tenrn hemodialysis, hereditary non-nettropathic 
S3rstemic amyloidosis (&miiial amyloid polyneuropathy lUX iamilial amyloidosis of Finnish 
25 type, amyloidosis associated with medullary carcinoma of the thyroid fihrinogen-associated 
hereditary renal amyloidosis and lysozyme-associated hereditary systemic amyloidosis. 

In a preferred embodiment, the invention provides a method for treating a subject for 
a disorder associated with p-aroyioidosts. comprising administering to the subject a 
therapeutically or proplqrUictically effective amount of a compound of the invention such that 
30 the subject is treated for a disorder associated witii P-an^loidosis. Prefen^Iy the disorder is 
Alzheuner's disease. 

In yet another embodiment, the invention provides a method for treatiqg a subject for 
a disorder associated witii p-amyloidosis. comprising adnunistering to the subgect a 
recombinant expression vector encoding a peptide cQnq)ound of the invention such that the 
3 S conqK>und is synthesized in the subject and the subject is treated for a disorder associated 
with P-amyiddosis. Preferably, the disorder is Aldidmer's disease. 
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BrirfPwcrip^Off fffthf PmyjBB ^ 

Figure 1 is a gnqduc repfesentadon of the tuiiidity of a ^-AP ] ^ solution, as 
measured by <q>tical density at 400 nm, either in the absence of a P-amyloid modulator or in 
the pre^nce of die ^-amyloid modulator N*biotinyl-pAP|^ 
5 (iya.or5H). 

Figure 2 is a schematic repiesaitadon of compomis vdiich can be used to modify a 
p-AP or an Ap aggregatira core <k>naain to form a p*amyloid modulator of the invention. 

Figure 3 is a graphic r^resentadon of the toxicity of APi^q aggregates, but not 
APi^Q monomers, to cultured neuronal cells. 
1 0 Figure 4 is a gnqshic representation of die aggr^adon of AP | ^ in the presence of an 

equimolar amount of choiyl*AP(.20 (p^^ A), a ^2-fbid molar excess of cliolytAP5.2o 
(panel B) or a -6*fold molar excess of choIyl-AP5.2o (panel C) and the corre s ponding toxicity 
of die aggregates of panels A. B and C to cuhnred neuronal cells (panels D» E and F, 
respecdvely). 

15 

Detailed Description of tfie Invention 

This ixrvendon pertains to compounds, and pharmaceudcal compositions thereof, diat 
can modulate the aggregation of amyloidogenic proteins and peptides, in particular 
compounds that can modulate the aggregation of natural p amyloid peptides (P^AP) and 

20 mhibit the neufotoxiciQr of natural p-APs. A compound ofthe invention diat modulates 
aggregation of natural p-AP, refinred to herein interchangeably as a p amyloid modulator 
compound a p amyloid modulator or simply a modulator, alters the aggregation of natural P- 
AP^ien the modulator is contacted with natural p-AP, Thus, a compound of die invention 
acts to alter the natural aggregation process or rate for P-AP. thereby disrupting this process. 

25 Preferably, the compounds inhibit p*AP aggregation. Furthermore, the invention provides 
subregions of the p amyloid peptide that are sufiBcient vfhsn appropriately modified as 
described herein, to alt^ (and preferably inhibit) aggregation of natural p amyloid peptides 
when contacted with the namral P amyloid peptides. In particular, preferred modulator 
compounds of the invention are comprised of a modified form of an Ap aggregation core 

30 domain, modeled after the aforementioned Ap subr^on (as described further below), which 
is sufBcient to alter (and preferably inhibit) the natural aggregation process or rate for p-AP. 
This Ap aggregation core domain can coniprises as few as three amino add residues (or 
derivative, analogues or mimetics thereof). Moreover, while the anuno add sequence of the 
A!^ aggr^ation ctm domain can directly correspond to an ammo add sequence found in 

35 natural P-AP, it is not essential diat the amino add sequence directly correspond to a P-AP 
sequence. Rather, anuno acid residues derived from a pr efe ii ed subregion of p-AP (a 
hydrophobic region centered around positions 17-20) can be rearranged in order and/or 
substituted with homologous residues within a modulator compound of the invention and yet 
maintain dieh* inhibitory activity (described further below). 
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Tbt^ amyloid modulatDr compounds of the invendoncaD be selected based upon 
their ability to inhibit the aggregation of natural p-AP in vitro and/or inhibit the neurotDxiciQr 
of natural p-AP fibrils for cultured cells (using assays desoibed herein). Accordingly^ the 
preferred modulator compounds inhibit the a^regation of natural P-AP and/or inhibit the 
neurotoxicity of natural P-AP. However, modulator cmnpounds selected ba^ on one or 
both of these properties may have additional properties in vivo that may be beneficial in the 
treatment of amyloidosis. For example, the modulator conipound may interfere with 
processing of natural p-AP (either by direct or indirect protease inhibition) or by modulation 
ofprocesses Outproduce Kmc p-AP, or other APPfiagments, en vto Altematively, 
modulator compounds may be selected based on these latter irnqsenies. rafter Hhan inhibition 
of Ap aggregation /n v/iro. Moreover^rnodulatorcon^xnmdsofAe invention that are 
selected based upon dieir interaction wift mitural p-AP also ma^ 
other APPfiagmcnts. 

As ijsed herein, a ^modulator" of p-amyloid aggregation is intended to refer to an 
agent that, when contacted with natural P amyloid peptides, alters the asgregation of the 
naairal p amyloid peptides. The term "aggregation of P amyloid peptides" refers to a process 
whereby the peptides associate with each other to form a multimeric, largely insoluble 
complex. The term ''aggregation" further is intended to encompass p amyloid fibril 
finrnaticm and also enconqsasses p-amyloid plaques. 

The terms "natural p-amyloid pqitide", "natural P-AP" and ^'natural Ap peptide", used 
interchangeably herein, are intended to encompass naturally occurring proteols^c cleavage 
products of the p amyloid precursor protein (APP) ^ch are involved in P-AP aggregation 
and P-amyioidosis. These natural peptides include p-amyloid pqptides having 39^3 amino 
acids Ap|,39, Ap,_4o, AP|^|, Ap|^2 APi^3). The amino-terminal amino acid 
residue of nanjral P-AP corresponds to the aspartic acid residue at position 672 of tiie 770 
amino acid residue form of tia amyloid precursor protein ("APP.770"). The 43 amino acid 
long form of natural p-AP has the amino acid sequence 

DAEFimDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVVIAT 
(also shown in SEQ ID NO: 1), whereas the shorter forms have 1-4 amino acid residues 
deleted torn the caiboxy-terminal end The amino acid sequence of APP-770 fiom position 
672 (i.e, the amino-terminus of natural p-AP) to its C-terminal end (103 amino acids) is 
shown in SEQ ID NO: 2. The prefennedfimn of natural p-AP for use in tiie aggregation 
assays described herein is APi^. 

In the presence of a modulator of tiie invention, a^Si^ation of natural p amyloid 
peptides is '^ahcred" or "modulated". The various forms of the term "alteration" or 
"modulation" are intended to encompass both inhibition of P-AP aggregation and promotion 
of p-AP aggregation. Aggregation of nattiral p-AP is "inhilrited" in the presence of die 
modulator when there is a decrease in the amount and/or rate of p-AP aggregation as 
compared to die amount and/or rate of p-AP aggregation in the absence of die modulator. 
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Thevariou^-fbrmsofdieieim "ii]hihitton''areinieodedtoiiidiidebothc€^^ 
inhibition of p-AP aggregaiioiL Inhibition of i^giegation can be quamitated as the fold 
inereasein the lag time for aggr^ationor as the decrease in the overall plateau level of 
aggregation (le. , total amount of aggregation), using an aggregation assay as described in the 
S Examples. In various embodiments, a modulator ofthe invention increases the lag ^ 
a^gation at least 12-fold, 1 3-fbl4 1 .S-fold, 2-fold, 2.5-fold, 3-fbld, 4-fold or S-fold In 
various other embodiments, a modulator of the invtmion inhibits the plateau level of 
aggregation at least 10%, 20%, 30%, 40 %, SO %, 75 % or 100 %. 

A modulator vdiich inhibits p-AP i^gregation (an "infaibitoty modulator compound**) 

10 can be used to prevent or delay llie onset of P-amyloiddqx>sition. Moreover,as 

demonstrated in Example 10, inhibitory modulator compounds of the invention inhibit the 
fonnadon and/or activity of neurotoxic aggregates of natural Ap pqitide (/.e., the inhibitory 
con^)ounds can be used to infaiUt the neurotoxicity of p-AP)* Sdll further, also as 
demonstrated in Example 1 0, the inhibitory compounds of the invention can be used to 

1 5 reduce the neurotoxicity of preformed P- AP aggregates, indicating that the inhibitory 

modulators can either bind to preformed AP filmls or soluble aggregate and modulate their 
inherent neurotoxicity or that the modulatt)r$ can perturb the equilihium between monomeric 
and aggregated forms of p-AP in firvor of die non-neurotoxic form. 

Alteroadvely, in anodier embodiment, a modulator ccKopound of the invention 

20 prcMcnotes the aggregaticm of natural AP peptides. The various fiirms of the tenn ''promotion" 
refer to an increase indie amount and/or rate of P*AP aggregation in the presence of the 
modulator, as compared to the amount and/or rate of p-AP aggregation in the absence of the 
modulator. Such a covapomd which promotes AP aggregation is referred to as a stimulatory 
modulator compound. Stimulatory modulator compounds may be useful for sequestering p- 

25 amyloid peptides, for example in a biological compartment where aggregation of p-AP may 
not be deleterious to thereby deplete P*AP from a biological compartment v/hm aggregation 
of p-AP is deleterious. Moreover, stimulatory modulator compounds can be used to promote 
Ap aggregation in in vitro aggregation assays (e.g. . assays such as those described in the 
Examples), for example in screening assays for test compounds thai can then inhibit or 

30 reverse this Ap aggregation {Le., a stimulatoiy modulator compound can act as a ''seed" to 
promote die formation of AP aggregates). 

In a preferred embodhnent, the modulators of the invention are capable of altering p- 
AP aggregation when contacted with a molar excess amount of natural P-AP. A "molar 
excess amount of natural p-AP** rders to a concentration of natural P-AP, in moles, that is 

35 greater than the concentration, in moles, of the modulator. For example, if die modulator and 
P-AP are boA present at a concentration of 1 ^iM, they are said to be "equimolar", Mdiereas if 
the modulator is present at a concentration of 1 ^M and the P-AP is present at a concentration 
of 5 the p-AP is said to be i»esem at a 5-fold molar excess amount compared to the 
modulator. In preferred embodiments, a modulator of the invention is effective at altering 
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nantral ^-AP aggregation when the natural ^AP 

fold molar excess competed to the concenizatiott In other embodiments, the 

modulator is effective at altermg ^-AP aggregation when the natural ^-AP is present at at 
least a lO-foId, 20.fold, 33-fold, SO-fold, 100-fold^ 500-fold or 1000-fold molar excess 
5 compared to the concentration of tiie modulator 

Various additional aspects of die modulators of the invention, and tiie uses thereof, 
are described in iiirdier detail in the fbllovdng subsections. 

I. Modulator Comixaunds 
10 In one embodiment, a modulator of the invention comprises a ^-amyloid peptide 

compound con^srising the formula: 



(Xaa 



wherein Xaa is a ^-amyIoid peptide. A is a modulating group attached directly or 
IS indirectiy to the p-amyloid peptide of the conqx>und such that the compound inhibits 
aggregation of natural ^-amyloid peptides when contacted with the natural P-amyloid 
peptides. aiKi n is an integer selected such that the compound inhibits aggregation of natural 
p-amyloid peptides when contacted witii the natural p-amyloid peptides. 

Preferably, p-amyloid peptide of the compound has an amxno-tenninal amino acid 
20 residue corresponding to position 668 of P-amyloid precursc^ protein-770 (APP-770) or to a 
residue caiboxy-tenninal to position 66S of APP-770. The anuno acid sequence of APP-770 
fiom position 668 to position 770 (i.e, the carboxy teiminus) is shown below and in SEQ ID 
NO: 2: 



25 EVKMDAEFRHDSGYEVHHQKLWFAEDVGSNKGAIIGLMVGGWIATVIV^ 
VMLKKKQYTSIHHGVVEVDAAVTPEERHLSKMQQNGYENPTV^ 

More preferably, the amino-terminal amino acid residue of the ^amyloid peptide 
corresponds to position 672 of APP-770 (position 5 of tiie amino add sequence of SEQ ID 

30 NO: 2) or to a residue carbcncy-teimmal to position 672 of APP-770. Although the p^yloid 
peptide of the compound may encompass the 1 03 amino add residues corresponding to 
positions 668-770 of APP-770, preferably die pqitide is between 6 and 60 amino adds in 
leiigdi, more prefierably between 10 and 43 amino acids in lei^ and even more preferably 
between 10and25 amino acid residues in length. 

3S As used herein, the term amyloid peptide", as used in a modulator of the invention 

is intended to encompass peptides havmg an amino acid sequence identical to that of the 
natural sequence in APP, as well as peptides having acceptable amino acid substitutions fiom 
the natural sequence. Acceptable amino acid substitutions are those that do not affect die 
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abilhy of the pcptids to alter naimal p-AP aggregation. Moreover, particular amino add 
mihstitinions may figfccr cmitribp^* ahiliiy of the peptide to alter natural ^AP 
aggregation and/or may confo additional beneficial properties on the peptide (e.g:, increased 
solubility, reduced association with odier amyloid proteins, etc.)- For example, substitudon 
of hydrophobic amino acid residues for the two phexQ^laianine residues at positions 1 9 and 20 
of mmsal p-AP (positions 19 and 20 of the amino acid sequence shown in SEQ ID NO: I) 
may further contribute to die ability of the peptide to alter p-AP aggregation (see Hilbtclw C. 
(1992) J. MoL Biol 228:460-473^. Hius, in one embodiment, the of the compound 
consists of the amino acid sequence shown below and in SEQ ID NO: 3: 

DAEFRHDSGYEVHHQKLV(Xaai9XXaa2o)AEDVGSNKGAIIGLMVGGVVlAT 



(or an amino*tenninal or carboxy-tcrminal deletion thereof), ^dierein Xaa is a hydrophobic 
amino acid. Examples of hydrophobic amino acids are isoleucine. leucine, threonine, serine, 

15 alanine, valine or glycine. Preferably, F19F20 is substituted with T19T20 or G19I20- 

Other suitable amino acid substitutions include replacement of amino acids in the 
human peptide with the carre^^onding amino acids of the rodent P-AP peptide. The three 
amino add residues thai difier between human and cat P-AP are at positions S« 10 and 13 of 
die amino acid sequence shown in SEQ ID NOs: 1 and 3. A human p-AP having the hinnan 

20 to rodent substitutions Args to Gly, Tyrjo to Phe and Hi5]3 to Aig has been shown to retain 
the properties of the human peptide (see Eraser, P.E. et al. (1992) Biochemistry 11: 10716- 
10723; and Hilbich^ C. ei oL (1991) Eur. J. Biochem. 2QI:61-69). Accordingly, a human p- 
AP having rodent P-AP a.a. substitutions is suitable for use in a modulator of the invention. 
Other possible p-AP amino acid substitutions are described in Hilbich, C. et at. 

IS (1991) 1 MoL Biol 218:149-163: and Hilbich. C. (1992) / MoL BioL 228:460-473. 

Moreover, amino acid substitutions that affect the ability of P-AP to associate widi other 
proteins can be introduced For example, one or more amino acid substitutions that reduce 
the ability of p-AP to associate widi the setpin enzyme complex (SEC) receptor, al- 
antichymotzypsin (ACT) and/or apoUpoproteinE(ApoE) can be mtroduce^ A preferred 

30 substitution for reducing binding to the SEC receptor is L34M35 to A34A35 (at positions 34 
and 3Softhe amino acid sequences shown in SEQ ID NOs: 1 and 3). Aprefeired 
siAstitution for reducing binding to ACT is Sg to Ag (at position 8 of the amino acid 
sequences shown in SEQ ID NOs: 1 and 3). 

Alternative to P-AP amino add substitutions described herein orknown in the art. a 

35 modulator composed, at least in part, of an amino acid-substituted p amyloid peptide can be 
prepared by standard techniques and tested for the ability to alter P-AP aggregation using an 
aggregation assay described herein. To retain the properties of the original modulator, 
preferably conservative amino acid substitutions are made at one or more amino acid 
residues. A ""conservative amino acid substitution" is one in which the amino acid residue is 



10 



wo 96/28471 PCTAJS96«3492 

iq^lacedwift an aznino add residue having a similar si^ Families of amino acid 
residues having similar side chains have been defined in the art, including hasAc aAm riiainc 
ie.g. , lysine, arginine, histidinc), addic side diains (e.g.t aspartic add» glutamic acid), 
uncharged polar side chains (e.^, glycine, aqiaragine. glutamine, serine, dneonine, tyrosine, 
cysteine), nonpolar side chains (tf.gi, alanine, valine, leucine, isoleucine. proline, 
phenylalanine, meduontne, ttyptophanX P-branched side chains (e.^., dneonine, valine, 
isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan, hisddine). 
Accordmgly, a modulalDr composed of a p amyloid peptide having an ammo add sequence 
that is mutated fiom that of the wild-type sequence in APP-770 yet wfaidi still retains the 
aMKty to alter natural P-AP aggregation is within the scope of the invention. 

As used heran, the term "P amyloid pqjtide" is further haended to indude pqjiide 
analogues or peptide derivatives or peptidomimetics that retain the aKhty to alter natural P- 
AP aggregation as described herein. For example, a p amyloid peptide of a modulator of the 
invention may be modified to inoesse its stability, bioavailability, solubility, etc. The terms 
15 "peptide analogue", "peptide derivative" and "peptidomimetic" as used herein are intended to 
indude molecules which mimic the chemical structure of a peptide and retain the functional 
properdes of die peptide. Approaches to designing peptide analogs are known in the art For 
example, see Fanner, ?S. in Dme Design (E J. Ariens, ed.) Academic Press, New Yoric, 
1980. vol. 10, pp. 1 19-143; Ball J.B. and Alewood. P J. (1990) J: Mol. Recognition 3:55; 
20 Moigan. B.A. and Gainor. J.A. (1989) ^wi Rep. Med Chem. 2^:243; and Freidinger. R.M. 
(1989) Trends PharmttcoL Sci. lfl:270. Examples of peptide analogues, derivatives Li 
peptidomimetics indude peptides substituted with one or more benzodiazepine molecules 
(see e.g., James. GX. et al. (1993) Science 260:1937-1942), peptides witii metiiylated amide 
linkages and "retro-inverso" peptides (see U.S. Patem No. 4.522,752 by Sisto). Peptide 
25 analogues, peptide derivatives and peptidomimetic are described in fimher dettul below witii 
regard to compounds comprising an Ap aggregation core domain. 

In a modulator of die invention having die formula shown above, a modulating group 
("A") is attached direcdy or indirectiy to die p-amyloid peptide of the modulator (As used 
herein, die term "modulating group" and "modifying group" arc used interehangeably to 
30 describe a chemical group directiy or indirectiy attached to an Ap derived peptidicstructu^ 
For example, die modulating group can be direcdy attached by covalem coupling to die p- 
amyloid peptide or die modulating groiip can be attached indiiecdy by a stable non-covalent 
asaodatiwi. In one embodiment ofdie invention, die modulating groi^ is attached to die 
amino-teiminus of die p-amyloid peptide of die modulator. Accordingly, die modulator can 
35 comprise a con^und having a formula: 



A— fli— < Xaa ) 
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Alternatively, in aoDther embodiment of the invention, the modulating groisp isattacbed to 
die Garboxy-terminus of the ^^amyloid peptide of the modulatn-. Accordingly, the moduiainr 
can comprise a compotoid having a formula: 



In yet anotter embodiment^ tiie modulating group is attached to the side chain of at least one 
amino acid residues of the ^amyloid peptide of the compound {e.g., Arough the epsilon 
amino group of a lysyl residue(s), thzox^ the carboxyl group of an a^^artic acid residue(s) or 
a glutamic acid re$idue($)» through a hydroxy group of a tyrosyl residue(s)t a serine re$idue(s) 
or a threonine residue(s) or odier suitable reactive gmap on an amino acid side chain). 

The modulating groiq) is sdected such that the compound inhibits a^regation of 
naniral ^-amyloid peptides vAm contacted with the natural p-amyloid peptides. 
Accordingly, since the P-AP peptide of die compotmd Is modified fiom its natuxal state, the 
modulating group A*" as used herem is not intended to inchide hydrogen. In a preferred 
embodiment, the modulating group is a biotin compound of the formula: 



wherein XpXj are each independently selected firom the group consisting of S« O and NR2* 
wherein R2 is hydrogen, or an axyl, lower aikyL alkenyl or alkynyi moiety; W is =0 or 

NR2; R] is a lower alkylenyl moiety and Y is a direct bond or a spacer molecule selected for 
its ability to react with a target group on a P*AP. Atleast<meof X1-X3 or WisanNR2 
group. 

The tenn "aiyP is intaidftd to include aromatic moieties containing substituted or 
unsubstituted mg{s\ e.g., ben^U napthyU etc. Other more complex fused ring moieties also 
are intended to be included. 

The term "lower alkyl or alkylenyl moiety** refers to a saturated, straight or branched 
chain (or combination thereof) hydrocarbon containing 1 to about 6 carbon atoms, more 
preferably from 1 to 3 carbon atoms. The terms "lower alkenyl moiety- and "lower alkynyl 
moiety** refer to unsaturated hydrocarbons containing 1 to about 6 carbon atoms, more 
preferably 1 to 3 carbon atoms. Preferably, R2 contams 1 to 3 carbon atoms. Preferably, R) 
contains 4 carbon atoms. 
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The-apacer molecule (Y) can be, for exaiiq}]e, a lower alkyl gzoqi a linker peptide, 
and is preferably selected for its ability to link with a free amino group (e. g. , the 
groiqiattheamiso-tenmnu5ofap-AP). Thns, in a preferred embodiment, the biotin 
compound modifies the amino^temiinus of a p-amyloid peptide. 
5 Additional suitable modulating groups may include other cyclic and heterocyclic 

compounds and other conqxnmds having similar steric '*bullc'*. Non^limiting examples of 
ccmipouttds i^chcan be used to modify a p-AP are shown scbemadcally in Figure 2, and 
inchide Macetykieuraminic acid, cholic acid, ^ai»-4-cotimnecarfooxyiic acid, 2-iznino-l- 
imidazolidineaoetic acid, (5H*)-indoline-2-carboxylic add, (-)-menthoxyacetic acid, 2- 
1 0 ncffbomaneaoetic acid, roxo-S-aoemqphdienebu^c add, (-)-2*oxo«4-thiazoIidinecarboxy lie 
add, tetrBhydro-3-furDic add, 2-]minol»otin-Mhydn>3grsuccinimide ester, 
<h'ethyienetriaminq9entaacedc dianhydride, 4^ttOipholinecaibonyl chlmde, 2« 
thiopheneaceQr] chloride, 2-thiophenesulfonyl chloride, 5-(and 6-)-carbo?g^uorescein 
(suocinimidyl ester), fluorescein isothiocyanate, and acetic add (or derivatives thereof). 
1 5 Suitable modulating groups are described further in subsection n below. 

in a modulator of die inventioru a single modulating group may be an^^h^yl to a 
amyloid peptide (e,g. , n»l in the formula shown above) or multiple modulating groups may 
be attached to the pqjtide. The number of modulating groiq)s is selected such that the 
c(mipound mhibits ag^;r^ation of natural p-amyloid peptides vAtn contacted with the natural 
20 p-amyloid pepddes. However, n preferably is an intqer between 1 and 60, more preferably 
between 1 and 30 and even more preferably between 1 and lOor 1 andS. 

In another embodiment, a ^-amyloid modulator compound of the invention comprises 
an AP aggregation core domain (abbreviated as ACD) coupled du^y or indirectly to a 

25 modifying group such that the compound modulates the aggregation or inhibits the 
neurotoxicity of natural p-amyloid peptides when contacted with the natural p-amyloid 
peptides. As used herein, an "Ap aggregation core domain" is intended to refer to a structure 
that is modded after a subregion of a natural p-amyioid peptide which is sufScient to 
modulate aggr^ation of natural p-APs when this subregion of the natural P-AP is 

30 ^ypropriatdy modified as described herein (eg;, modified at the aminos The term 

"subregim of a natural p-amyloid peptide" is intended to nsdude amino-terminai and/or 
carboxy-temunal ddetions of natural p*AP. The terai "subregion of natural p-AP** is not 
intended ro indude fulMoogth natural p-AP (ie., **subregion'' does not include Api.39, 
APi^ Api^l, Ap,^2 and Apj^3). 

35 Although not intemling to be limited by mechanism, the ACD of the modulatois of 

the invention is thou^t to confer a ^ecific targeting function on the compound that allows 
the compound to recognize and spedfically interact with natural p-AP. Preferably, the ACD 
is modeled after a sutoegion of natural p-AP that is less than IS amino adds in length and 
more preferably is between 3-10 amino acids in length. In various embodiments, the ACD is 
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nuiddedailerasubt^onof^APthatis 10,9,8,7,6,S,4or3 8zn2TO In 
(me onbodiment, the subiegioiiof ^-AP 19011 which the ACD is modeled is an intmal or 
caiboxy-tenninal legicm of p-AP (Le., downstream of the amimHenniniis at amino add 
position I). In another embodnnenc»ttieACD is modded after a subregion of p-AP that is 
5 hydrophobic. In certain sfx^cembodinients, the term A^ aggregation coiecton^ 

^)ecifiical])r exclude P-AP axbiegtons coiresponding to amino add positions 1-IS (A0|.|5X 
6-20 (AP6.20) and 1640 (APi^. 

An AP aggiegadon core domain can be comprised of amino add residues linked by 
peptide bonds. That is» the ACD can be a peptide corresponding to a subxegion of P-AP. 

1 0 Altcniati veiy» an AP aggregation core domain can be modeled after die natural AP peptide 
region but nu^ be oonqmsed of a peptide analogue, peptide derivative or peptidomimetic 
oonqround, or other similar compounds t^ch mimics die structure and function of Ae 
natural pqitide. Accordingly, as used herein^ an Ap aggregation core domain** is intended to 
include peptides, peptide analogues, pqjtide derivatives and peptidomimetic compounds 

1 5 which, when appropriately modified, retain the aggregation modulatory activity of the 
modified natural AP peptide subregion. Such stmctures that are designed based upon the 
amim) add sequence are referred to herein as "Ap derived peptidic smictures." Approaches 
to designing peptide analogues, derivatives axidrrumetics are known in the an^ For example, : 
see Farmer, P.S. in Drug Design (EJ. Ariens, ed.) Academic Press, New York. 1980, vol. 10, 

20 pp. 1 19-143; Ball J.B. and Alewood, P.F. (1 990) J. MoL Recognition 1:55; Morgan, B.A. 
and Gainor. JJL (1989) Arm. Rep. Me<L Chem. 21:243; and Frddiqger, ItM. (1989) Trends 
PharmacoL ScL 1^:270. See also Sawyer* TJC (1995) "Peptidomimedc Design and 
Chemical Approaches to Pepdde Metabolism*' in Taylor, M.D. and Amidon, G.L. (eds.) 
Peptide-Based Dme Design: Controlling Transport and Metabolism. Chapter 17: Smith, A.B. 

25 3t±eiaL (1995) J. Am Chem Soc. 117:11113-11123: Smith. A.B. 3rie/a/. (1994) J. ^m. 
Chem.Soe, 116:9947-9962; and Hirschman, It, er a/, (1993) J. vim, ChemSoc. 115:12550- 
12568. 

As used herein, a '^derivative" of a compomid X (e.g., a pepdde or amino acid) refers 
to a foim of X in vMA one or more reaction groups on the compound have been derivatized 

30 wthasubstituentgro^p. Exanqilesofpeptide derivatives mclude peptides in which an 
amino acid side chain, the peptide backbone, or the ammo- or carixn^-tominus has been 
derivadzed (e.g., peptidic compounds with methylated amide linkages). As used herein an 
"analogue" of a compound X refers to a confound vliich retains diemical structures of X 
necessary for funcdonal activity of X yet i^ch also contains certain chemical structures 

35 wliich differ from X. An examples of an analogue of a naturaUy-occuning peptide is a 

pqnides vdiich includes one or more non-naturally-occuiring amino acids. As used herein, a 
"mhnetic'' of a compound X refers to a compound in which chemical structures of X 
necessary for functional activity of X have been replaced with other chemical structures 
which mimic the conformation of X. Examples of peptidomimetics include peptidic 
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compounds in yftdch tbc peptide backbone is siibsritiitBd with one or mnret hffl 7Adifl7rptnr 
molecules (see e.g., James, GX. cr aL (1993) &«i»ce 2^:1937-1942X peptides in which all 
L-amino acids are substituted with the conesponding D-amino adds and "retn>>inveno" 
peptides (see U.S. Patent No. 4^22,752 by Sisto), desaibed further below. 
5 The teimintnitfic» and in perticalar,pq}tidonuiiKtic, is intended to incltuieisosteies^ 

llie tenn "isosteie" as used herein is intended 10 indude a dundcd structure that cm 
substitnted for a second chemical structure bwause the steric confoimanon of the first 
structure fits a binding site spedfie for the second structure. The temi specifically indudes 
peptide back-bone mod ific a t io n s (/.e., amide bond mimetics) wdl known to tfiose skilled in 
10 the art Such nxidificationsindudenwdificationsofifae amide nitn)gen. the a-caibon, amide 
carbonyl. complete replacement of the amide bond, extensions, ddetions at backbone 
crosslinks. Several peptide backbone modifications are known, including vrfCH^S], y 
[CH2NH]. vCCSNHj], vINHCO], ytCOCHJ, and v[(E) or (Z) CH=CH]. In the 
nomendamre used above, y indicates the absence of an amide bond. The stniciure that 
15 replaces the amide group is specified widiin the brackets. Oflier examples of isostcres 
mdude peptides sulisdtuted with one or more benzodiazepine molecules (see e.g., James, 
GX. er a/. (1993) Strience 260:1937-1942) 

O&er possible modifications indude an N-allgrl (or aiyl) substitution ((|;[CONR]X 
backbone erossllnking to construct lactams and other cydie structures, substiQition of all D- 
20 ammo adds for dlL-amhu> adds withm the compound ("inverse" compound 

inveiso amino acid incorporation (^[NHCO]). By "inverse" is meant replacing L-amino 
adds of a sequence with D-amino acids, and by "retro-invcrso" or "enantio-reiro" is meam 
reversing the sequence of the amino acids ("remo") and replacing the L-amnio acids wifli D- 
amino adds. For example, if the parent peptide is Thr-AIa-Tyr, the retro modified form is 
25 Tyr-Ala-Thr. the inverse forai is thr-ala-tyr, and the retro-inverso form is tyr-ala-thr (lower 
case letters refer to D-amino adds). Compared to the parent peptide, a retro-inverso peptide 
has a reversed backbone vMe retaining substantially the original spadal conformation of the 
side chains, resulting in a retnMnveiso isomer widi a topology diat closely resembles the 
parent peptide. See Goodman 'Par^fecttves in Peptide Chemisny pp. 293-294 
30 (1981). See also US. Patent No. 4,522,752 by Sisto for fiather description of "retio-inveiso" 
peiMides. 

Odier derivatives of the modulator compounds of die invention indude C-teiminal 
hydroxymediyl derivatives, O-modified derivatives (e.g., C-tenninal hydioxymediyl benzyl 
edier), N-terminally modified (fcrivatives induding substituted amides such as alkylamides 
and hydrazidcs and compounds in which a C-terminal phenylalanine residue is replaced with 
a lAenetfiylamide analogue (eg., Val-Phe-phenediylamide as an analogue of dte tripeptide 
Val-Phe-Phe). 

In a preferred embodtmem, die ACD of die modulator is modeled after die subregion 
of P-AP enc(mipassing amino acid positions 17-20 (ie.. Leu-Val-Phe-Phe; SEQ ID NO: 12). 



AsdescriMfuttfaerinExaxnples?, 8and9, pqnide subiegions of AP|^ were prepared, 
amino-terminaUy modified and evaluated for iheir ability to modulate aggregation of natural 
P-amyioid peptides. One sutnegion that was effective at inhibiting aggregation was 
(f.e«, amino acid residues 6-20 of the natural A^]^ pqitide, the amino acid seqwnce of 
5 which is shown in SEQ ID NO: 4). Amino add residues were serially deleted from the 
amino-terminus or carboxy tennimis of this sufaregion to further delineate a minfanal 
subregion that was sufGcietit for aggregation inhibitory activ^ This process defined 
AP17.20 Q-^f amino acid residues 17-20 of the natural Ap\^ pej^ide) as a minimal 
subregion that, when appropriately modified, is sufGdent for aggregation inhibitory activity. 

10 Aocoidii^y, an "Ap aggregation ewe domain" within a modulate compound of the 
invention can be modeled after AP17.20- In one embodiment, die Ap aggregation core 
domain conqnises AP17.20 itself a peptide comiHising the amino add sequence leucine- 
valine*phenylalanine-phenylalanine: SEQ ID NO: 12). In other embodiments, the structure 
of AP] 7.20 is ^ ^ model to design an AP aggregation core domain having similar 

15 structure and fiiKdon to AP| 7.20- For example, peptidomimetics, derivatives or analogues of 
AP 17-20 described above) can be used as an Ap aggregation core domain. In addition to 
AP]7.2o. the natural Ap peptide is likely to contain other minimal subiegions that are 
sufficient for aggregation inhibitory activity. Such additional minimal subregions can be ' 
identified by tiie processes described m Examples 7. 8 and 9, wfaaein a ISmer subregion of 

20 Api^o ^ serially deleted from the amino-terminus or carboxy terminus, the deleted peptides 
are apinopriaftdy modified and then evaluated for aggregation inhibitory activity. 

One fimn of the p^amyloid modula^r compound comprising an AP aggregation core 
domain modeled after AP17.20 coiqiled directiy or indirectly to at least one modifying group 
has the formula: 

25 ( Y-Xaai-Xaa2-Xaa3-Xaa4-ZO 

wherein Xaa] and Xaa3 are amino add strucmres; 
Xaa2 is a valine structure; 
Xaa4 is a phenylalanine structure; 
30 Y, vtiiich may or toay not be ptesent, is a peptidic structure having the 

fornmIa(Xaa)a, wherein Xaa is any amino add stnicture and a is an in^^ I to 15; 

Z, which inay (»: rnay not be iHCsent, is a peptidic structure haviiig tiie 
formula (Xaa)i^, wherein Xaa is any amino add strvcnire and bis an integer fimn 1 to 15; and 
A is a modifying ffoup attadied directly or indirectiy to the compound and n 

35 is an integer, 

Xaai, Xaaj. Y, Z. A and n being selected such that the compoimd modulates the 
aggregation or inhibits the neurotoxici^f of naniral p-amyloid peptides when contacted with 
the natural P-amyloid peptides. 
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Preferably^ a modulator compound of the above fonnula inhibits ^gztgadon of 
natural p-amyloid peptides v^ben contacted witfi the naniral ^-amyloid pepddes and/or 
inhibits Ap neurotoxicity. Altenttd vely , the modulator conqxmnd can promote aggregation 
of natural P-amyloid peptides vftten contacted ^th die natural P-amyloid peptides. The type 
and number of modifying gimsps C* A") coupled to the modulator are selected such that the 
ccmqxnmd aheis (and preferably inhibits) aggregation of natural ^-amyloid peptides when 
contacted witfi die natural p-amyloid peptides. A single modifying group can be coupled to 
die modulator (ie., n^l in the above fonnula) or, alternatively* multiple modifying groiqis 
can be coupled to die modulatcxr. In various embodinients^n is an tnti^er between 1 and 60, 
between 1 and 30, between 1 and 10, between 1 and 5 or betvveen 1 and 3. Suitable Qrpes of 
modifying groups are described further in subsection n below. 

As demonstrated in Example 9, amino acid positions 18 (Val|g) and 20 (Phe2o) of 
Ap|7.2o (corresponding to Xaa2 and Xaa^) are particuiariy important within die cote domain 
for inhibitory activity of the modulator compound. Accordingly, these positions are 
conserved witiiin the core domain in the formula shown above. The terms "valine structure" 
and "phenylalanine structure" as used in the above formula are intended to include the natural 
amino acids^ as well as non-naturally-occurring analogues, derivatives and mimetics of valine 
and phenylalanine, respectively, (including D-amino acids) which maintain die functional 
activity of the compound Moreover, although Valfg and Phe2o have an important functional 
role, it is possible that Xaa2 and/or Xaa4 can be substituted with other naturally-occuning 
amino acids tiiat are structurally related to valine or phenylalanine, respectively, while still 
m aintaining the activity of the compound Thus, the terms "valine structure" is intended to 
include consen^ative amino acid substitutions tiiat retain the activity of valine at Xaa2* and 
the term ""phenylalanine structure" is intended to include conservative amino acid 
substimtions diai retain die activity of phenylalanine at Xaa4. However, the term "valine 
structure" is not mtended to include threonine. 

In contrast to positions 18 and 20 of AP17.20. a Phe to Ala substitution at position 19 
(corresponding 10 Xaa3) did not abolish the activity of die modulator, indicating position 19 
may be more amenable to amino acid substitution. In various embodiments of the above 
formula, positions Xaa| andXaaj are any amino add structure. The term '"amino acid 
structure" is imeuded to include natural and non-natural airuno adds as well as analogues, 
derivatives and mimetics thereof, including D-amino adds. In a preferred embodiment of die 
above formula, Xaaj is a leucine structure and Xaa3 is a phenylalanine structure (l^., 
modded after Leu| 7 and Phe jp, respectively, in the natural AP pepddt sequence). The term 
"leucine structure" is used in the same marmer as valine structure and phenylalanine stnictUK 
described above. Ahematively, an another embodiment Xaa3 is an alanine structure. 

The four amino acid structure ACD of the modulator of the above formula can be 
flanked at die amino-terminal side, carboxy-termhial side, or both, by peptidic structures 
derived either fiom the natural AP peptide sequence or fiom non-A|) sequences. The term 
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"peptidic structure'* is intended to loclude pqstxde anaiogues^ derivHUves and tnimetics 
thereof, as described above. The pepddic structure is composed of one or more linked amino 
add smicturest the type and nomberofwiiich in the above f<«nula are For 
example in one embodiment^ no additional amino add structures flank the Xaa]-Xaa2-Xaa3- 
S Xaa4 core sequence (ie., Y and Z are absent in ^ above formula). In another embodiment, 
one or more additional amino add structures flank only the amino-tenninus of the core 
se(p]en€es(^6.» Y is present but Z is absent in the above fonmila). In yetanotber 
embodiment, one or more additiwal amino add structures flank only the carboxy -terminus of 
the core sequences (/.e.tZ is present but Y is absent in die above £9rmula). Thelengthof 
10 flankmg Z or Y sequences also is variable. For exanqple. in one embodiment, a and bare 
integers fifom 1 to IS. Mm preferably, aand bare integer between 1 and 10. Even more 
I^eferably, a and b are int^ers between lands. Most prefemUy, a and b are integers 
between land 3. 

One form of die P-amyioid modulator compound comprising an aggregation core 
1 5 domain modeled after A^] 7.20 coupled direcdy or indirectly to at least one modifying group 
has the formula: 

A-(Y>XaarXaa2-Xaa3*Xaa4-(Z>B 

wherein Xaai and Xaas are amino adds or amino acidmimeucs; 
20 Xaa2 is valine or a valine mimetic 

Xaa4 is phenylalanine or a phenylalanine mimetic; 
Yt i^ch may or may not be present is a peptide or peptidomimeric having 
the formula (X^)^^^ wherein Xaa is any amino acid or amino acid mimetic and a is an integer 
fiom 1 to IS: 

25 Z. v^ich may or may not be pre^nt is a peptide or peptidomimetic having 

the formula (Xaa)^,, v^rein Xaa is any amino acid or amino add mimetic and b is an integer 
fiom 1 to 15; and 

A and B. at least (me of vAdch is present, are modifying groups attached 
directly or indirectiy to the ammo terminus and carboxy tominus, respectively, of the 
30 conqmmd; 

Xaa ] , Xaa3 , Y, Z, A and B being selected such that die compound modulates the 
aggregation or inhibits the neurotoxici^ of natural p-amyloid peptides when omtacted with 
tiiemttuTBl ^amyloid peptides. 

In this embodiment, the modulator compound is specifically modified at dther its 
35 amino-temmus, its carboxy-terminus, or both. The terminology used in this formula is the 
same as described above. Suitable modifying groups are described in subsection II below. In 
one embodiment^ the compcmd is modified only at its amino terminus B is absent and 
the con^imd comprises the formula: A*(Y>Xaa]-Xaa2-Xaa3-Xaa4-(Z)). In another 
embodiment, the compound is modified only at its carboxy-terminus (Le,, A is absent and the 
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CQXiq)ound ceu^nises the fonnula: (Y)-Xaa]-Xafr9«XBa3-Xa«4-(Z>B). In yet anodier 
embodiinent, the compound is modified at both its amino- and carboxy tennini (f.e., the 
compomid comprises the fommla: A-(Y>-Xaa]-Xaa2-Xaa3-Xa^-<Z>B and both A and B are 
pment). As described above, the type and number of amino acid structures v^iiich flank the 
Xaa] -Xa^Xaa3-Xaa4 cone sequence in the above fbmiula is variable. For exanqjle, in one 
anbodimcnt, a and bare integers fiom 1 to 15. More preferably, a and bare integers between 
land 10* Even more preferably, a and bare integers between lands. Most preferably, a 
and b are int^ers between 1 and 3. 

As demonstrated in Examples 7, 8 and 9» prefened Ap modulator compounds of the 
invention comprise modified forms of AP14.21 (His-Gli^Lys-Leu-Val*Phe-Phe-Ala; SEQ ID 
NO: 5), or amino-tetmznal or carboxy-terminal deletions ttereo^ with a prefened "minimal 
core region** comprising Api7.2o- Accordingly, in specific embodiments, the invention 
ixovides compounds conqirising the formula: ' 

A-Xaa| -Xaa2-Xaa3-Xaa4.Xaa5-Xaa6-Xaa7-Xaa8-B 

wherein Xaal is a histidine structure; 
Xaa2 is aglutamine structure; 
Xaa3 is a lysine structure; 
Xaa4 is a leucine stmcture; 
XaaS is a valine structure; 
Xaa6 is a phenylalanine structure; 
Xaa7 is a phenylalanine structure; 
XaaS is an alanine structure; 

A and B are modifying groiips attached directly or indirectly to the amino 
terminus and carboxy terminus, respectively, of the compound; 

and wherein Xaa{-Xaa2-Xaa3« Xaa]-Xaa2 or Xaa| may or may not be present; 
Xaag may or may not be present; and 
at least one of A and B is present 

In one !^)ecific embodiment, the coiqpoundconqjrises the for^^ A-Xa^^^Xaas- 
Xaa^-XaaT-B (e.g, a modified fonn of AP]7.2o, comprising an amino add sequence Leu*Val- 
Phe-Phe;SEQIDNO: 12). 

In another specific embodiment the c6nqx)und comprises the fonnula: A-Xaa4- 
Xaas-Xaa^-Xaay-Xaag-B (e.g, a modified form of Ap|7«21> comprising an amino acid 
sequence Leu-Val-Phe-Phe-Ala; SEQ ID NO: 1 1 ). 

In another specific embodiment, the compound comprises the formula: A-Xaa3- 
Xaa4-Xaa5-Xaa^*Xaa7-B (e.g., a modified fonn of A^i^2(h comprising an amino acid 
sequence Lys-Leu-Val-Phe-Phc; SEQ ID NO: 10). 
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In arother Specific embodiment, the compound co^^ A^Xaaj- 
Xaa4-Xaa5-Xaa6-Xaa7*Xaas-B (e.g., a modified fomi of Afiysai* comprising an amino acid 
sequence Lys-Lcu-Val-Phc-Phe-AIa; SEQ ID NO: 9). 

In another specific oibodiment, the coiiqx)and cratprises the fomiula: A-Xaa2* 
5 Xaa3-Xaa4-Xaa5-Xaa5-Xaa7-B (e.g, , a modified fom of A^\s-2(h comprising an amino acid 
sequence Gln-Lys-Leu-Val-Pfae-Phe; SEQ ID NO: 8). 

In another specific embodiment, the compound comprises the fomitl^^ A-Xaa2* 
Xaa3-Xaa4-Xaa5*Xaa5-Xaa7-Xaa3-B (e.g., a modified fonn of A^i5.2l» comprismg an amino 
add sequence GIn-Lys-Leu-Val-Phe-Phe-Ala; SEQ ID NO: 7). 
10 In another specific embodiment, the compound comi^ses the formula: A-Xaap 

Xaa2-Xaa3-Xaa4-Xaa5*Xaa5-XBa7-B (eg:, a modified form of AP|4.2o> com|»ising an 
amino acid sequence His-Gfai-Lys-Leu-Val-Phe-Phe; SEQ ID NO: 6). 

In another specific embodiment the compound comprises the formula: A-Xaap 
Xaa2-Xaa3-Xaa4-Xaa5-Xaa5-Xaa7-Xaag-B (eg., a modified form of AP(4.2i, compiisii^ an 
1 5 amino acid sequence His-Gln-Lys-Leu- Val-Phe-Phe-Ala; SEQ ID NO: 5). 

In preferred embodiments of the aforementioned specific embodiments, A or B is a 
cholanoyl structure or a biotin-containing structure (described fiirtfao- in subsection 11 below). 

In fiuther experiments to delineate suhregions of Ap upon which an AP aggregation 

20 core domain can be modeled (the results of which are described in Example 1 1), it was 

demonstrated that a modulator compound having inhibstoiy activity can comprise as few as 
three Ap amino acids residues (e.g.. Val-Phe-Phe, which concsponds to Ap 13.20 or Phe-Phc- 
Ala. which coiresponds to AP19.21). The results also demonstrated that a modulator 
compound having a modulating group at its carboxy-teiminus is effective at inhibiting AP 

25 aggr^atioQ. Still further, the results demonstrated that the cholyi group, as a modulating 
group, can be manipulated while maintaining the inhibitory activity of the compounds and 
that an iodotyrosyl can be substituted for phenylalanine (e.g., at position 1 9 or 20 of the AP 
sequence) vAdlt maintaining the ability of the compound to inhibit AP aggregation. 

Still further, the resuhs demonstrated that compounds with inhibitory activity can be 

30 created using amino adds residues that are derived fitmi the AP sequence in the region of 
about posidons 17-21 but wherein the amino acid sequence is rearranged or has a substitution 
with a non-Ap-derived amino add. Examples of such compounds include PPI'426, in which 
the sequence of ^17.21 (LVFFA) has been reazian^ (FFVLA), PPI*372, in ^ch the 
sequence of AP16.20 (KLVFF) has been rearranged (FKFVL), and PPI-388, -389 and -390, m 

35 which the sequence of AP17.21 (LVFFA) has been substimted at position 17, 18 or 19, 

respectively, with an alanine residue (AVFFA for PPI-388, LAFFA for PPI-389 and LVAFA 
for PPI-390). The inhibitory activity of these compounds indicate that the presence in the 
compound of an amino acid sequence directly corresponding to a portion of Ap is not 
essential for inhibitory activi^, but rather suggests that maintenance of the hydrophobic 
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nature of this core region, by inclusion of amino acid residues such as phmylalanine, valine, 
leucine, regardless of their precise oxder, can be sufBcient for inhibition of Ap aggregation. 
Accordingly, an AP aggregaticm core domain can be designed based on the direct Ap amino 
add sequence or can be designed based on a rearranged Ap sequence which mfliTitMng th^ 
5 hydrophobicity of the Ap subrcgion, e.g. , the r^on around positions 1 7-20. This r^on of 
AP contains the amino acid residues Leu, Val and Phe. Accordingly, preferred AP 
aggregadoQ core domains are composed of at least three amino acid structures (as Aatterm is 
defined herdnbefmt indnding amino acid deiivativest analogues and mimeticsX wherein at 
least two of the amino acid structures are, independently, either a leucine structure^ a valine 
10 structure or a i^ienylalanine structure (as those terms are defined hereinbefine, including 
derivatives, analogues and mimetics). 

Thus, in another embodiment, the invention provides a p-amyloid modulator 
compound conqnising a formula: 



15 ( Y-Xaai-Xaa2-Xaa3-Z<r 

^n^ierein Xaa^ , Xaa^ajKi Xaa3 are each amino acid structures and at least two of Xaaj , 
Xaa2 and Xaa3 are, indqsendently, selected fix>m the group consisting of a leucine suoicture, a 
fdienylalanine structure and a valine stracture; 

Y, ^ch may or may not be present is a peptidic structure having the 
fonnuh(Xaa)3, wherein Xaa is any aniino add structure and a is an integer fiom 1 to IS; 

Z, which may or may not be present, is a peptidic structure having the 
formula (Xaa)^. ^^^lerein Xaa is any amino add structure and b is an integer fiom 1 to IS; and 
A is a modiiying group attached directly or mdirectly to the compound and n 

is an integer; 

Xaa| , Xaa2, Xaaj, Y, Z, A and n being selected such that the compound modulates 
the aggregation or inhibits the neurotoxicity of natural P-amyloid peptides when contacted 
with the natural p-amyloid peptides. 

Preferably, the compound inhibits a^regation of natural P-amyloid peptides when 
contacted with the natural P-amyloid peptides. In preferred embodiments, Xaa] and Xaa2 are 
each phenylalanine structures or Xaa2 and Xaa3 are each jdienylalanines^ "n^can 
be, for example, an integer betweoi 1 and S, whereas V and "b** can be, for exanqsle, 
integers between 1 and 5. The modiiying group ''A** preferably comprises a cyclic, 
heterocyclic or polycyclic groiQ). More preferably, A contains a cis-decalin group, such as 
cholanoyl structure or a cholyl group In other embodiments, A can comprise a Uotin- 
containing group, a diethylenc*triaminepentaaceiyl group, a (-)-menthoxyacetyl group, a 
fluorescein-contaming group or an N-acetylncuraminyl group. In yet other embodiments, the 
compound may promotes aggregation of natural P-amyloid pq)tides when contacted with the 
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natural ^-amyloid pqiddes, nmy be fbrther modified to alter a pbannacokinetic prpperty of 
the compound or mi^ be further modified to label the compound with a detectable substance. 

In another embodimeot, tfxe invention provides a pHunyioid modulator conqxHmd 
comprising a finmula: 

5 

A^(Y>XaarXaa2-Xaa3-(Z)-B 

wherein Xaaj, Xaa2and Xaa3 are each amino acid structures and at least two 
of Xaai, Xaa2 and Xoj are, independently, selected fimi the group crasisdng of a leucine 
10 structure, a phenylalanine structure and a valme structure; 

Y, v^ch may or m^ not be present, is a pepddi c structure having the 
fonnula(Xaa)^vAsereinXaBisaiiyaminoaddstnictureandab 1 to IS; 

Z, which m^ ormay not be present, is apqiddic structure having the 
formula(Xaa)b, wherein Xaa is any amino acid structure and bis an int^erfiom 1 to IS; and 
1 S A and at least one of which is present, are modifying groups attached 

directly or indirectly to the amino terminus and carboxy terminus, respectively, of the 
con^jound; 

Xaa], Xaa2^ Xaa3, Z, A and B being selected such that the compound 
modulates the aggregation or bohibits the neurotoxicity of natural ^amyloid peptides ^^n 
20 contacted with the natural p-amy loid peptides. 

Prefimbly, the compound inhibits aggregation of natural P-amyloid peptides when 
contacted with the namral p-amyloid peptides* In preferred embodiments. Xaa] and Xach are 
each phenylalanine structures or Xas^ and Xaa3 are each phenylalanine structures. In one 
subembodiment* the compound comprises the formula: 

25 A-(Y)-Xaai-Xaa2-Xaa3-(Z) 
In another subembodiment the compound comprises the formula: 

(Y>Xaai-Xaa2-Xaa3-(Z)-B 
'*n** can be» for example^ an integer between 1 and S, whereas "a" and '"b** can be, for example, 
integers between 1 and 5. The modifying group "A" preferably cotnprises a cyclic, 

30 heterocyclic or polycyclic group. More preferably, A contains a cis-decalin group, such as 
choianoyl structure or a cholyl group In other embodiments. A can comprise a biotin* 
containing groiip, a dietfaylene-trianunepoitBacetyl groiiqi, a (-)-menthoxyacetyl group, a 
fluorescem-contaming groiq) or an N-acetylneuiaminy 1 groiq>. In yet other embodiments, the 
compound may promote aggregation of natural p-amyloid peptides ^en contacted vdth the 

3S natural p-amylotd pq)tides, may be further modified to alter a pharmacokineuc property of 
Ae compound or may be further modified to label the compound with a detectable substance. 

In preferred specific embodiments, the invention provides a P-amyloid modulator 
compound comprising a modifying group attached directly or indirectly to a peptidic 
structure, wherein the peptidic structure comprises amino acid structures having an amino 
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acid sequence selected fiom the grotjp crasisdng of His-Gln-Lys-Leu-Val-Phe-Phe-Aia (SEQ 
ID NO: 5). His^ln-Lys-Uu-Val-Pbe-Phe (SEQ ID NO: 6), Gln-Lys-Leu-Val-Phe-Phe-Ala 
(SEQ ID NO: 7), Gln-Lys-Leu-Val-Plie-Phe (SEQ ID NO: 8), Lys-Leu-Val-Phe-Phe^Ala 
(SEQ ID NO: 9), Lys-Lcu-Val-Phe-Phe (SEQ ID NO: 10), Lcu-Val-Phc-Phe-Ala (SEQ ID 
5 NO: 1 IX Lcu-Val-Phe-Phe (SEQ ID NO: 12X Lcu-AIa-Phe-Phe-Ala (SEQ ID NO: 13), Val- 
Phe-Phe (SEQ ID NO: 19), Phe-Phc-Ala (SEQ ID NO: 20), Phe-Phe-Val-Leu-Ala (SEQ ID 
NO: 21), Leu-Val-Phe-Phe-Lys (SEQ ID NO: 22), Leu-Val-Iodotyrosine-Phe-Ala (SEQ ID 
NO: 23), Val-Phe-Phe-Ala (SEQ ID NO: 24), Ala-Val-Phe-Phe-Ala (SEQ ID NO: 25), Leu- 
Val-Phc-Iodotyrosiiie-Ala (SEQ ID NO: 26), Leu- Val-Phe-Phe-Ala-Glu (SEQ ID NO: 27), 

1 0 Phe-Phe-Val-Leu (SEQ ID NO: 28), Phc-Lys-Phe-Val-Lcu (SEQ ID NO: 29), LysieiirVal- 
Ala-Phe (SEQ ID NO: 30), Lys-Leu-Val-Phe-Phe-pAla (SEQ ID NO: 31) and Lcu-Val-Phe- 
Pbe-DAla (SEQ ID NO: 32). 

These specific compounds can be furtfaa* modified to alter a phaimacokinetic property 
of the compound and/or further modified to label the compound witii a detectable sid)Stance. 

I ^ Tbe modulator compounds of the invention can be incorporated into phannaceutical 

compositions (described funher in subsection V below) and can be used in detection and 
treatment methods as described further in subsection VI below. 

n. Modifvino Groiip j ; 

20 Whhm a modulator CQnqx>und of the invention, a pqitidic structure (such as an Ap 

derived peptide, or an Ap aggregation core domain, or an amino acid sequence corresponding 
to a rearranged Ap aggregation core domain) is coupled directly or indirectly to at least one 
modifying group (abbreviated as MG). In one embodiment, a modulator compounds of the 
invention comprising an aggregation core domain coupled to a modifying group, the 

25 compound can be illustrated schematically as MG-ACD. The term •'modifying group" is 
intended to include structures that are dfrectly attached to the peptidic structure (e.g., by 
covalsnt coupling), as well as those that are indhectly attached to the peptidic structure {e,g., 
by a stable non-covalem association or by covalmt coupling to additional amino acid 
residues^ or mimeiics, analogues or derivatives thereof, ^^ch may flank the Ap-deri ved 

30 pqaiidic suructuie). For example^ the modifying group can be coiipied to the amino-terminus 
or carboxy-terminus of an AP-derived peptidic structure, or to apeptidic or peptidomimetic 
iegi<m fiankii^ the core domairu Alternatively^ fte modifying group can be coupled to a side 
duun of at least one ammo acid residue of an Ap-derived peptidic structure, or to a peptidic 
or peptidomimetic region flanking the core domain (e.g.^ through the epsiion amino group of 

35 a lysyl re$idue(s). through the carboxyl grotq) of an aspartic acid residue(s) or a glutamic add 
residue(s), throi^h a hydroxy group of a tyrosyl residue(s), a serine residue(s) or a tfareonme 
residue(s) or other suitable reactive group on an amino acid side chain)* Modifying groups 
covaiently coupled to the pqstidic strucnire can be attached by means and usuig methods well 
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known m them folinkiiQ chamcai structures, inchiding, for exanqile» amide^ aOcylamuio, 
caxfafiDiaie or urea bonds. 

The term "modifyiiig grotq)** is intended to iiKdude groups that are not naturally 
coupled to natural pqstides in tiieir native form. Accordiogly, the tern ^'modiiymg 
S groi]^" is not intmded to include hydrogen. The modifying grotq)(s) is selected such that the 
modulator craipound alters, and preferably inhibits, aggr^ation of natural p^amybid 
peptides when contacted with the natural ^-amyloid pqnides or inhibits the neurotoxicity of 
natural ^-amyloid peptides when contacted with die natural P*aniyloid peptides. Although 
not intending to be limited by mechanism, the modifying gn>iqp(s) of the modulator 

1 0 compounds of the hiventicMi is thought to function as a key lAaimacc^diore vdiidi is 
important for cmferrix^ on the modulator the ability to disrupt Ap polymerization. 

In a prefbied embodiment, die modifying group(s) comi^ses a cyclic, heterocyclic or 
polycyciic groiip* The tenn "cyclic groi9\ as used herein, is iiitended to include cyclic 
samrated or unsaturated (/.e., aromatic) group having fiom about 3 to 10, inferably about 4 

IS to 8. and more jseferably about 5 to 7. carbon atoms. Exemplary cyclic groups include 
cyciopropyU cydobutyl, cyciopcntyl, cyclohexyl. and cyclooctyl. Cyclic groups may be 
unsubstituted or substituted at one or more ring positions. Thus, a cyclic groiq> may be 
substituted widi, e,g,. halogens, alkyls, cycloalkyls, alkenyls, alkynyls, aryls, heterocycles, 
hydroxyls. aminos, nitros, thiols amines* imines, amides, phosphonates. phosphines, 

20 caibonyls, carfooxyls, silyls, ethers, thioediers, sulfonyls. sulfonates, selenoethers, ketones, 
aldehydes, esters, -CF3, -CN, or the like. 

The term 'lieterocyclic group" is intended to include cyclic saturated or unsaturated 
(te.. aromadc) groiip having fitmi about 3 to 10, preferably about 4 to S, and more preferably 
about 5 to 7, carbon atoms. M^ierein the ring structure includes about one to four heteroatoms. 

25 Heterocyclic groups include pyrrolidine, oxolane. thiolane. imidazole, oxazole, piperidine. 
piperazine. mor]^line. The hetezocyclic ring can be substituted at one or more posidons 
with such subsdtuenis as, for exanqile^ halogens, aikyls, cycloalkyls, alkenyls, alkynyls, 
aryls. other heterocycles, hydroxyl, amino^ nitro, thioL amines, imines, amides, 
pho^honates, phosphines, carbcmyls, carboxyls, silyls, ethers, thioethers, sulfonyls, 

30 selenoethers, ketones, alddiydes. esters. -CF3, ^CN, or the like. Heterocycles may also be 
bridged or fused to other cyclic gioi^ as described below. 

The tenn "polycydic group" as used herem is intended to refer to two or mem 
samrated or imsatuiated (i.e:, aromatic) cyclic rings in which two or more carbons are 
conmion to two adjoining rings, e.;., die rings are "fused rings Rings that are joined 

35 through non-adjacent au3m5 are termed ''bridged" rings. Each of die rings of the polycyclic 
gfCfixp can be substituted with such subsdtuents as described above, as for example, halogens, 
aikyls, cycloalkyis, alkenyls, alkynyls, hydroxyl, amino, nitro, thiol amines, imines, amides, 
phosphonates, pho^hines. carbonyls^ carboxyis, silyls, ethers, thioethers, sulfonyls, 
selenoethers, ketones, aldehydes, esters. -CF3, -CN, or the like. 
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AprefimedpoiycycHcgroiQ>isagrotxpcontam^ Although 
not intending to be Hmit^ \jfy mechanismt it is thought tiiat the "bent'' confoiiDatioxi 
conferred on a modifying group by die presence of a cis-de^lin structure contributes to the 
efBcacy of the modifying groi^ in disnq>ting polymerization. Accordingly, other 
5 structures widch mimic the ''bent" configuration of the cis-decalin structure can also be used 
as modifying groups. Anexampleof a dsniecalincontaiiiing structure that can be used as a 
modifying gn>up is a cholanoylsuiicture, such as a cholylgroiq). For example, a modulator 
compound can be modified at its amino tonmimis with a cholyl groiq) 
aggregation core domain widi cholic add, a biie add^ as described in Example 4 (the 
10 structure ofchofic acid is illustrated in Figure 2). Mcmover, a modulator compound can be 
modified at its carbo)^ tenunus witti a cfaol^ group according to methods icnown in the art 
(see e,g., Wess« G. eial. (1993) Tetrahedron Letters, M:817-S22; Wess, G. etat. (1992) 
Tetrahedron Letters 33:195-198; and Kramer, W. et aL (1992) J. Biol. Chem. 252:18598- 
18604). Cholyl derivatives and analogues can also be used as modifying groups. For 
1 5 example* a preferred cholyl derivative is Aic (3-(^>-aniinoethyl-/yo)-cholylX vMch has a fiee 
amino group that can be used to further modify the modulator compound (e,g.^ a chelation 
group for ^^n^c can be introduced through the fiee amino groiip of As used herein, the 
term "cholanoyl structure'' is intended to include the cholyl group and derivatives and 
analogues thereof, in particular those which retain a four-ring cis-decalin configuration. 
20 Examples of cbolanoyl structures indude grotps derived fiom other bile acids, such as 
deosgrchohc acid, Uthocholic acid, ursodeoxycholic add, cheoodeoxycholic acid and 
hyodeoxycholic acid, as well as other related structures such as cholanic acid, bu&lin and 
resibufogenin (although the latter two compounds are not preferred for use as a modifying 
group). Another example of a cu-decalin containing compound is 5|^^olestan-3a-ol (the 
25 cij-dccalin isomer of (+)-dihydrocholesten)l). For further description of bile acid and steroid 
structure and nomenclature, sec Nes, W.R- and McKean, ML. Biochemistry of Ceroids and 
Other Isopenianoids, University Park Press, Baltimore, MD, Chapter 2. 

In addition to ds-decalin containing groups, other polycyclic groups may be used as 
modifying groups. For example, modifying groups derived fiom steroids or P-lactams may 
30 be suitable modifying groiqps. Moreover, non-limiting examples of some additional cyclic, 
heterocyclic or polycyclic compounds which can be used to modify an A^-derived peptidic 
structure are shown schematically in Figure 2. In one embodiment, the modifying group is a 
'^biotmyl structure**, vAdch indudes biottnyl groins and analogues and derivatives thereof 
(such as a 2-iniinobiotinyl gtoup). In another embodiment, the modifying ffovEp can 
35 comprise a "fluorescdn-containing group**, such as a groiq> derived fiom reacting an AP- 
derived peptidic structure with S-(and 6-)-carboxyfiuorescein, succinimidyl ester or 
fluorescein isothiocyanate. In various other embodiments, the modifying group(5) can 
comprise an A-acetylnemaminyl group, a frans-4-cotininecarboxyl group, a 2«immo-l- 
imidazolidineacetyl group, an (5H-)-indoline*2-carboxyl group, a (-^menthoxyacetyl group. 



a 2'^iiocb(Hsaiieaceiyl gnwp, a 7^>xo-S-acenq3fatheiiebuiyiyU a (-)*2-oxo-4- 
thiazolidinecazboxyl gmqi, a tetxahydnHS-fiuoyi group, a 2-iiiuDobiotinyl groiqi, a 
dte^lenetria mm qwi ta acrtyl groiqi, a 4-nioiplioliiiecaibanyl group, a 24hiopheDeacety 1 
group or a 2'-tfaiophen^ulfonyl group. 
5 Preferred modifying grmps include g^rxps comprising cfaolyl smictures, biotinyi 

^rucntres, fluoiescein-comaining groups, a dieAylene-trianii nc p enta acetyl group, a (-)- 
menthoxyacetyl group, and a N-aoetylneuraminyl group. More preferred modifying groins 
those comprisu)^ a cholyl strucnire or an iminiobiotinyl groiq>. 

In addition to llie cyclic, heterocyclic and poly^clic groups discussed above, other 

10 types ofinodifyinggroiq>s can be used in a modulator of die invention* For example, small 
hydrophobic groups may be suitable modifying groiqps. An exanq)le of a suitable non-cyclic 
modifying group is an acetyl group. 

Yet another type of modifying groiQ> is a compound that contains a non-riatural amino 
acid that acts as a beta-tum mimetic, such as a dibenzofuran-based amino acid described in 

15 Tsang. K.Y. et aL (1994) 1 Ant Chenu Soc. 116:3988^005; Diaz. H and Kelly, J.W. (1991 ) 
Tetrahedron Letters 41:5725-5728; and Diaz. H et aL (1992) J. Am. Chem, Soc. 114:83 16- 
8318. An example of such a modifying group is a peptide-aminoetbyldiberizofuranyl- 
proprionic acid (Adp) group (e.g., DDIIL-Adp). This type of modifying group further can 
comprise one or more N-methyl peptide bonds to introduce additional steric hindrance to tiie 

20 aggregation of natural ^AP when compounds of this type interact with natural p-AP. 

ni. Additional Chemical Modifications of AB Modulators 

A 9-amyloid modulator compound of the invention can be further modified to alter 
the specific properties of the compound while retainiiig the ability of the compound to aher 

25 Ap aggregation and inhibit A^ neurotoxicity. For example, in one embodiment the 

compound is further nx>dified to alter a pharmacokinetic prqperty of the compound, such as 
in vivo stability or half-life. In another embodiment, the compouml is further modified to 
label the compound with a detectable substance. In yet another embodimeuL the compound 
is further modified to couple the confound to an additional therapeutic moaeQr* 

30 Schematically, a modulator of the invention comprising an AP aggregation core donudn 

coq>Ied directfy or indirecdy to at least one modifying gtoap can be illustrated as MG-ACD , 
whereas this compound vMdh has been further modified to aher the properties of the 
modttkoor can be illustrated as MG-ACD-CM, wherein CM represents an additional chemical 
modification. 

35 To further chemically modify the compound, such as to alter the pharmacokinetic 

properties of the compouiKL reacdve groups can be derivatized. For example, when the 
modifying group is attached to the ammo^erminal end of the ^gregaiion core domain, the 
carboxy-tenninal end of the compound can be further modified. Preferred C-termirud 
modifications include those wiiich reduce the ability of the compound to act as a substrate for 
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caiboxypepddases. Examples of pg efei r ed Otenniiml modifiers include an amide group, an 
ethyiamide group and various non-nanna] amino adds, sudi as D-amino acids and p-alanine. 
Alternatively, when the modifying group is attached to the cari)oxy-tenmnal end of the 
aggregation core domain, the amino-teroiinal end of the compound can be furdier modified, 
5 for example, to reduce die ability of the compound to act as a substrate for aminopeptidases. 

A modulator compound can be further modified to label the compound by reacting die 
compound with a detectable $ubstaxic& Suitable detectable substances inchide various 
en:ganes, prosthetic groups, fluoiesceni materialSj hrniinescent materials and radioactive 
materials. Examples ofsmtableem^niestndudehotseFadi^ peroxidase, alk^^ 
10 iriiosphaiasev 3«galactosidase, or acefyldKofinesterase; exmples of suitable prosOetic group 
conqiiexes include stteptavidin/biotin and avidin/biotin; exanq>les of suitable flumseent 
materials include umbelliferone, flumescein, flumsscein isodiiocyanate, riiodamine, 
dicUorotriazinylamine fhiorescein, dansyl chloride or phycoerythrin; an ejcample of a 
luminescent material includes luminol; and exanqiles of suitable radioactive material include 
15 14c^ 123i^ 124i, 125i^ 99fflTc, %or% In a prefcned embodiment a modulator 
compound is radioactively labeled with ^^C, either by incorporation of * into the 
modifying group or one or more amino acid structures in the modulator compound. Labeled 
tpodulator compounds can be used to assess the in vivo phannacokinetics of the cofhpounds^ 
as well as to detect Ap aggregation, fm* example for diagnostic puiposes. AP aggregation can 
20 be detected using a labeled 'modulator compotmd eidier in vivo or in an in vitro sample 
derived fiom a subject. 

Prefierably, fox use as an in vivo diagnostic agent, a modulates compound of the 
invation is labeled widi radioactive technetium or iodine. Accordiqgly, in one embodiment, 
the invention provides a modulator compound labeled with technetium, preferably ^Tc. 
25 Methods for labeling peptide compounds with technetium are known in the art (see e.g.^ U.S. 
Patent Nos. 5.443.815, 5^25,180 and 5,405^97, all by Dean ei aL: Stepniak-Biniakiewicz. 
D., et oL (1992) J. Med Chem, 35:274-279; Fritzbcrg, A.R., et qL (1988) Proc, Natl Acad 
ScL USA 55:4025-4029; Baidoo, K^-, ei aL (1990) Cancer Res, Svppl. 50:799s-803s; and 
Regan, L. and Smith, C.K. (1995) Science 270:980-982). A modifying group can be chosen 
3 0 that provides a site at v4iich a chelation group for 99m7c can be introduced such as die Aic 
derivadveofchoiicacid, which has a fiee amino groi9 (see Example 11). Inanotfaer 
embodiment, the invention provides a modulator txmspovaoA labeled widi radioactive iodine. 
For exanq)le, a phenylalanine residue within the Ap sequence (such as Fhe 1 9 or Pbe2o) can be 
substituted with radioactive iodotyrosyi (see Example 1 1 ). Any of the various isotopes of 
35 radioactive iodine can be incorporated to create a diagnostic agent Pieferebly, ^23] (half-life 
= 132 hours) is u^d for whole body scintigraphy, >24i (half life = 4 days) is used for 
positron emission tomography (PET), ^25] (half life = 60 days) is used for metabolic turnover 
studies and 1^ U (half life = 8 days) is used for whole body counting and delayed low 
resolution imaging studies* 
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FiirtfieniuiEt« an additional niodific^ 
can serve to confer an additional tfaaipeutic property on the compound. That is, the 
additional chemical modification can comprise an additional functional nooiety. For example^ 
a fimctional moiety which sov^ to break down or dissolve amyloid plaques can be coiq)led 
S to the modulator compoimd. In this form, the MG-AQ3paiti0Q0fthe modulator serves to 
target the cc»npound to peptides and disrupt the polymenzation of the Ap peptides, 
whereas the additional functional moiety serves to break down or dissolve amyloid plaques 
after the compound has been targeted to these siies. 

In an alternative dxmical modification, a Amyloid compound of the invrnticm is 

1 0 prepared in a "prodrug" fonn, vtoein die conqxnmd itself does not modulate AP 

aggregation, but rather is capable of being transformed, xapoa metaboli sm in vrvo^ into a 
amyloid modulator compoimd as driined herein. For exanq)Ie, m this type of compound, the 
modulating groiqi can be presem in a prodrug form that is c^)aMe of being converted upon 
metabohsm into the form of an active modulating group. Such a prodrug form of a 

15 modifying grotq) is lefened to herein as a "secondary modifying group. " A variety of 

strategies are known in the art for preparing peptide prodrugs that limit metabolism in order 
to optimize delivery of die active form of the peptide-bascd drug (see e.g. , Moss, J. (1995) in 
Peotide-Based D mg Design: Contrplling Transport and Metabolism, Taylor, M.D. and 
Amidan, G.L. (eds). Chapter 18. Additionally strategies have been specifically tailored to 

20 achieving CNS delivery based on "sequential metabolism*" (see eg:, Bodor, N., ei aL (1992) 
■fejgiicg 257:1698-1700: Prokai, L.. et al. (1994) J. Am. Ghent Sac. lifi:2643-2644: Bodor, 
N. and ProkaL L. (1995) in Peoride-Based Dmc Design: Controllmg Transport and 
Metabolism, Taylor<p M.D. and AmidotL GX. (eds). Chapter 14. In one embodiment of a 
prodrug form of a modulator of the invention, the modifying group comprises an aUcyl est» 

25 to facilitate blood-brain barrier permeability. 

Modulator compounds of the invention can be prepare by standard techniques 
known in the art The peptide componem of a modulator composed, at least in part, of a 
peptide, can be synthesized using standard techniques such as tiiose described in Bodansky, 

30 M, Principles of Peptide Synthesis^ Springer Verlag, Berlin (1993) and Grant G A (ed.). 
Svntfaetic Peptides: A User^s Guide. W.H. Freeman and Clompany, New York (1992). 
Automated peptide syntiiesizers are conamercially available (e.g.. Advanced ChemTech 
Model 396: Milligen/ Biosearch 9600). Addhionally, one or mm modulating groups can be 
attached to the A p*d«ved peptidic component (e.g. . an A p aggregation ccm domain) by 

35 standard m ethod^i for exarrq)le using methods for reaction through an amino group (e.g.y the 
alpha-amino group at the ammo-teitninus of a peptideX a carboxyl group (e.g., at the carhoxy 
terminus of a peptide), a hydroxy! group (e>g., on a tymsine, serine or threoiune residue) or 
other suitable reactive group on an amino acid side chain (sec e.g., Greene, T.W and Wuts, 
P.GM. Protective Groups in Organic Svntiiesis . John WUey and Sons, Inc., New York 
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(1991). Exemplary ^otheses of ptefimsdp amyloid nuK^^ 
Examples 1,4 and 11. 

IV- Screen^pfy Ay^yg 

Anothor aspect of the invention pertains to a mediod for selecting a modulator of 
amyloid aggregation. In the metho4 d test compound is contacted with natnral P amyloid 
pqstides, the aggregation of the natural is measured axKi a modulator is selected based 
on Ae ability of the test compound to alter the aggregation of tl» natural P*AP (e.g., inMhit 
or promote aggregation). In a prefened embodiment^ the test compound is contacted with a 
molar excess amotmt of Ae natural P<*AP. The amount and/or rate of natural p*AP 
a^regation in the presence of the test compound can be deminxned by a suitable assay 
mdicative of p-AP aggregation* as described herein (see e.g.^ £xan4)ie$ 2, S and 6). 

In a prefened assay, die namral p-AP i s dissolved in sohition in the presence of the 
test compound and aggregation of the natural P-AP is assessed in a nucleation assay (see 
Example 6) by assessing the turbidity of the solution over time, as measured by the apparent 
absorbance of the solution at 405 nm (described further in Example 6; see also Jarrett ei al. 
( 1 993) Biochemistry 32:4693-4697). In the ab^nce of a P-amyloid modulator, the A405nin of 
the solution typically stays relatively constant during a lag time in v^iuch the P-AP remains in 
sohition, but then the A4o^iini of the solution rapidly increases as the p-AP aggregates and 
comes out of solution, ultimately reaching a plateau level (i.e., the A405QQ1 of the solution 
exhibits sigmoidal kmetics over time). In contrast in the presence of a test compound that 
mhibits P-AP aggregation, the A405211Q of the solution is reduced compared to when the 
modulator is absent Ihus, in the presence of the inhibitory modulator, the solution may 
exhibit an increased lag time, a decreased slope of aggregation and/or a lower plateau level 
compared to when the modulator is absent This method for selecting a modulator of p- 
amyloid polymerization can similarly be used to select modulators that promote P-AP 
aggregation. Thus, in the presence of a modulator that promotes P-AP aggregation, the 
A405iiin solution is increased compared to when the modulator is absent {e.g. , the 
solution may exhibit an decreased lag time, increase slope of aggregation and/or a higher 
plateau level compared to when the modulator is absent). 

Another assay suitable for use in the screenii^ method of the invention, a seeded 
extension assay, is also described fiirdier in Example 6. In tiiis assay, p-AP monomer and an 
aggregated p*AP "seed" are combmed, in the presence and absence of a test conqiound, and 
the amount of p-fibrtl formation is ass^ed based on enhanced emission of the dye 
ThioilavineT when contacted with p-AP fibrils. Moreover, P-AP aggregation can be 
assessed by electron mictosoopy (EM) of the P-AP preparation in the pr^ence or absence of 
the modulator. For example, p amyloid fibril foimation, v^iich is detectable by EtA, is 
reduced in die presence of a modulator that inhibits P-AP aggregation (ie., there is a reduced 
amount or number of P-fibrils in the presence of the modulator), whereas P fibril formation is 
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increased iirthe presence of a modulator that promotes P-AP a^regation (i. e.* there is an 
inoeased amount txr number of ^-fihrik in die preserae of the modulator). 

An even more preferred assay for use in the scrisening inediod of the mvention to 
select suitable modulators is the neurotoxicity assay described in Examples 3 and 10. 
S Compounds are selected v/bick inhibit the formation of neurotoxic aggregates and/or 
which inhibit the neurotoxicity of prefbnned A^ fibrils. This neurotoxicity assay is 
considered to be predictive of neurotoxicity in vivo. Accordmgly, inhibitory activity of a 
modulator compound in the vitro neurotoxicity assay is predictive of smuiar inhibitory 
activity of the compound for neurotoxicity m vrvo. 

10 

V. Phannaceutical Conmositiops 

Anodier aspect of the invention pertains to pharmaceutical ccmipositions of die 
amyloid modulator compounds of the invention. In one embodiment the con^sition 
includes a 3 amyloid modulator conq)Ound in a therapeutically or prophylactically effective 

1 S amount sufficient to alter, and preferably inhibit, aggregation of natural ^amyloid peptides, 
aiui a pharmaceuticaliy acceptable cazrier. In another embodiment the composition includes 
a p amyloid modulator compound in a ther^eutically or prophylactically effective amount 
sufGdent to inhibit the neurotoxicity of natural p-amyloid peptides, and a pharmaceuticaliy 
acceptable carrier. A "therapeutically e£fective amount" refers to an amount effective, at 

20 dosages and for periods oftune necessary, to achieve the desired therapeutic resultsuchas 
reduction or reversal or p«4myloid deposition and/or reduction or reversal of Ap 
neurotoxicity. A diei^peutically effective amount of modulator may vary according to &ctors 
such as the disease state, age, sex, and weight of the individual, and the ability of the 
modulator to elicit a desired response in the individual. Dosage regimens may be adjusted to 

25 provide the optimum therapeutic response. A therapeutically effective amount is also one in 
which any toxic or detrimental effects of the modulator are outweighed by tiie therapeutically 
beneficial effects. The potential neurotoxicity of the modulators of the invention can be 
assayed using the cell-based assay described in Examples 3 and 10 and a therapeutically 
effective modulator can be selected which does not exhibit significant neurotoxichy. In a 

30 prefe rred embodiment, a therapeutically effective amount of a modulator is sufficient to alter, 
and prefend}ly inlubit, aggregation of a molar excess amoum of natural ^-amyloid peptides. 
A "prophylactically effective amount" refers to an amoimt effective, at dosages and for 
periods of time necessary, to achieve the desired prophylactic result, such as preventing or 
inhibiting the rate of p^unyloid deposition and/or Ap neurotoxicity in a subject predisposed 

35 to ^-amyloid deposition. A prophylactically effective amount can be determined as described 
above for the therapeutically effective amount Typically, since a prophylactic dose is used 
in subjects prior to or at an earlier stage of disease, the prophylactically effective amount will 
be less than the tiierapeutically effective amount. 
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One-factor that may be considered when detenninii^ a therqseudcally or 
piophylactically effective amount of a p amyloid modulator is the concentration of natural 
AP in a biological compartmoit of a subject, such as in the cerebrospinal fluid (CSF) of the 
subject Ibe concentration ofnaturalp-APm the CSF has been estimated at 3 nM 
(Schwartzman. (1994) Proa NatL Acad Sci USA £1:8368^72). A non-limiting range for a 
tberapeuticaliy or propfaylacticaily effective amounts of a ^ amyloid modulator is 0.01 nM-10 
fiM Itistobenotedtfaatdosage values may vary wiA the severity of die condition to be 
alleviated. It is to be further understood that for any particular subject»s^ 
regimens should be adjusted over time accoidiiig to die individual need and the professional 
judgment of the person admimsteimg or siqpervising the administration of the compositions, 
and diat dosage ranges set fbrft herein are exeo^slaiy only and are not mtended to limit the 
scope or practice of the claimed composition* 

The amount of active compound in the composition may vary according to &ctors 
such as the disease state, age. sex. and weight of the individual, each of v^diich may affect the 
amount of natural P-AP in die individual. Dosage regimens may be adjusted to provide the 
optimum therapeutic response. For example, a single bolus may be administered, several 
divided doses may be administered over time or the dose may be propottionally reduced or 
increased as indicated by the exigencies of the theriQseutic situation. It is especially 
advantageous to fomiulate parenteral compositions in dosage unit form for ease of 
administration and uniformity of dosage. Dosage unit forai as used herein refers to 
physically discrete units suited as unitary dosages for the mmwmflHan subjects to be ucaied; 
each unit containing a predetermined quantity of active compound calculated to pfoduce the 
desired therapeutic effect in association with the required pharmaceutical canien The 
specification for the dosage unit fonns of the invention are dictated by and direcdy dependent 
on (a) die unique characteristics of the active compound and the particular therapeutic effect 
to be achieved and (b) the linutations inherent in the art of compounding such an active 
compound for the treatment of sensitivity in individuals. 

As used herein "pharmaceutically acceptable carrier" includes any and all solvents, 
dispersion media, coatings, antibacterial and antifungal agents, isottmic and absorption 
delqring agents, and the like that are physiologically compatible. In one embodiment the 
earner is suitable for parenteral adnunistration. Preferably, the earner is suitable for 
admtnistrstion into the cmtral nervous system intraspinally or inirBcerri}raUy). 
Alternatively, the carrier can be suitable for intravenous, intrs4)eritoneal or intramuscular 
administration. Inanotber embodiment, the canier is suitable for ordadnunistration. 
Phamiaceutically acceptable carriers mclude sterile aqueous solutions or dispersions and 
sterile powden fyr the extemporaneous preparation of sterile injectable solutions or 
diq>ersion. The use of such media and agents for pharmaceutically active substances is well 
known in the art Except insofer as any conventional media or agent is incompatible with the 
active confound, use thereof in the pharmaceutical compositions of the invention is 



ccmtempiated. Siq^ptementary active compounds can also be incorpoiated into the 
coinposdtioiis. 

Therapeutic compositions typically must be stezile and stable under the conditions of 
manu&cture and ^rage. The conqwsition can be foimulated as a solution, nucroemulsioxi, 
5 Uposome, or otho-onler^ structure suitable to high dmgconcoxt^ The caiiier can be a 
solvent or dispersion medium containing* for example, water, ethanol, poiyol (for example, 
glycerol, propylene glycol, and liquid polyetheyiene glycol, and the likeX and suitable mixtures 

thereof Th^ prp^ fltiiHtty #*ftn Ka wihintatr^^H^ for gYflwipIg^ hy the iigg nf ft ri^flritig gtich aq 

lecithin, by tfie maintenance of die required particle size in the case of dispersion and by the 

10 use of surfiictams. In iiianycases^hvdll be preferable to inchide isotonic agents, fb^ 
sugars, polyalcohols such as manitoU sorbitol, or sodium chknide in the composition. 
Prolonged absorpdon of the injectable compositions can be brought about by including in the 
composition an agent which delays absoipdcm. for exanqsle, monostearate salts and gelatin. 
Moreover, the modulators can be administered in a time release formulation, for example in a 

15 composition which includes a slow release polymer. The active compounds can be prepared 
with carriers that will protect the compound against rapid release, such as a controlled release 
formulation, including implants and microenc^sulatcd delivery systems. Biodegradable, 
biocompatible polymers can be used, such as ethylene vinyl acetate, polyanhydrides, 
polygiycolic acid, collagen, polyorthoesters, polylacdc add and polylactic, polyglycolic 

20 copolymers (PLG). Many methods for the preparation of such formulations are patented or 
generally known to those skilled in the art. 

Sterile injectable solutions can be prepared by incorporating the active conq)ound 
(e.gM p-amyloid modulator) in the required amount in an appcopriatB solvent with one c»r a 
combination of ingredients enumerated above, as required, followed by filtered sterilization. 

25 Generally, dispersions are prepared by incorporating the active compound into a sterile 
vehicle which contains a basic dispersion medium and the required other ingredients from 
those enumerated above. In the case of sterile powders for the preparation of sterile 
injectable solutions, the preferred methods of preparation are vacuum drying and freeze- 
drying which yields a powder of the active ingredient plus any additional desired ingredient 

30 fiom a previously sterile-filtered solution thereof 

A modulator compound of Ac invention can be formulated with one or more 
addhional ccmipounds that enhance the soliibiUty of the modulator oom^ Preferred 
compouads to be added to fimnulations to enhance the solubility of die modulators are 
cyclodoQin derivatives, preferably hydroxyinopyl-Y-cyclodexu^ Drag delivery vehicles 

35 containing a cyclodexorin derivative for ddivery of peptides to tiie central nervous system are 
described in Bodor, N., ei al. (1992) Science 257:169S-1700. Fcnrtiie ^amyloid modulators 
described herein, inclusion in the formulation of hydroxypropyl-y-cyclodextrin at a 
concentration SO-200 mM increases the aqueous solubility of the con^unds. In addition to 
increased solubility, inclusion of a cyclodexoin derivative in the formulation may have other 
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beneficial effects, since p-cyclodextrin itself has been reported to intmct with the peptide 
and inhibit fibril formation in vitro (CamiUcri, et oL (1994) FEBS Letters 341356-258. 
Accordingly, use of a modulator conqxsund of the iznrestion in combinatiQn with a 
cyclodextrin derivative may resuh in greater inhibition of Ap aggregation than use of the 
S modulator alone. Chenucal modifications of cyclodextniis are Imown m tiie art (Hanessi^ 
et ol. (1995) J. Org. Chem. 6fi:4786-4797). In addition to use as an additive in a 
pharmaceutical composition containing a modulator of the invention, cyclodextrin derivatives 
may also be usefiil as modifying groips and, accofdtngly, may also be covalently coupled to 
an Ap pqitide compound to fmn a modulator compound of the invention. 

In another embodiment, a pharmaceutical composition compising a modulator of the 
invention is fommlated such that the modulator is transported across tiie blood-team barrier 
(BBB). Various strategies known in the art for increasing transport across the BBB can be 
adq^ned to the modulators of the invention to therri)y enhance transport of the modulators 
across the BBB (for reviews of such strategies, see e.g.^ Pardridge, W.M. (1994) Trends in 
BioiechnoL 12:239-245; Van Bree, J.B. et al (1993) Pharm. World Set. 15:2-9: and 
Pardridge, WAi. et al. (1 992) Pharmacol ToxicoL 21:3-1 0). In one approach, the modulator 
is chemically modified to form a prodrug with enhanced transmembrane transport Suitable 
chemical modifications include covalent linking of a fittiy acid to the modulator through an 
amide or ester linkage (see e.g.. U.S. Patent 4^933^24 and PCT Publication WO 89/D7938, 
both by Shashoua; U.S. Patent 5,284,876 by Hesse et al. ; Totiu L et oL (1994) J: Ovg 
Target. 2:217-239; and Shashoua, VB.etal. (1984)^ Med Chem. 22:659^) and 
glycating the modulator (see e.g., U.S. Patent 5260,308 by Poduslo et al.). Also, N- 
acylamino acid derivatives may be used in a modulator to form a "lipidic** prodrug (see e.g., 
5,1 12.863 by Hashimoto et al. ). 

In another approach for enhancing transport across the BBB. a pepudic or 
peptidomimetic modulator is conjugated to a second peptide or protein, thei^by fomiing a 
chimeric protein, wherein the second peptide or protein undergoes absorptive-mediated or 
receptor-mediated transcyiosis through the BBB. Accordingly, by coupling the modulator to 
this second peptide or pn>tdn, the chimeric protein is transported across Hie 
second peptide or protehi can be a ligand for a brain capillary endothelial cell receptor ligand. 
For example* a preferred ligand is a monoclonal antibody diat specifically hmds to the 
transferrin receptor on brain capillary endotiselial cells (see e.g.^ US. Patents 5*182,107 and 
5,154,924 and PCT Publications WO 93/10819 and WO 95/02421, ail by Friden etdl.). 
Odier suitable peptides or proteins that can mediate transport across the BBB include histones 
(see e.g » U.S. Patent 4,902,505 by Pardridge and Schimmel) and ligands such as biotin, 
folate, niacin, pantotheruc acid, riboflavin, tiuamin, pryridoxal and ascorbic acid (see e.g., 
U,S. Patents 5,416,016 and 5,108,921, both by Heinstein). Additionally, die glucose 
transporter GLUT-l has been reported to transport glycopeptides (L-serinyUP-D-glucoside 
analogues of [MetSJenkephalin) across die BBB (Poh, JL et al. (1994) Proc. NatL Acad. ScL 
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U&<2I'71M-1778). AmoidingIy,a2nodulatorcoinpouii^ 

glycopqid^ to taiBCt the modulator to die GLUT-1 glucose transports. For example, a 
modulator compcnmd wfaicfa is modified at its amiiM) termiiuis with the modi^ing gsoup Aic 
(3-(0-amiDoethyl-cso)-cholylt a derivative of cholic add having a fim amino group) can be 
5 coiqpled to a giycopeptidedax>ugh the amino groiq> of Aic by standard me^ Giimeric 
proteins can be formed 1^ recombinant DNA methods (cg.^ by formation of a chimeric get» 
encoding a fusion protein) or by chemical cross! hiking of the modulator to the second peptide 
or protem to f(»m a chimeric protein. Numerous chanicai crosslinking agents are known in 
the (e.g.,commeiGiaUy available fiomPierce»RockfbrdIL^^ A crosslinking agent can be 

10 chosen vAdch allows for high yield cotipliiQ ctf the modulator to die second pepdde or protein 
and for subsequent cleavage of die linker to release bioactive modulator. For example, a 
biotin-avidin-based Unker system may be used. 

In yet another q^proach for enhancing tranqmt across the BBB, the modulates is 
enc^sulated in a carrier vector v/bicb mediates transport across the EBB. For example, the 

IS modulator can be encapsulated in a liposome, such as a positively charged uniiamellar 

liposome (see e g,, PCX Publications WO 88/07851 and WO 88/07852, both by Faden) or in 
polymeric micro^hcres (see e.g, VS. Patcm 5,413,797 by Khan et aL U.S. Patem 
5,271,961 by Mathiowitz ei al. and 5,019,400 by Gombotz et al,\ Moreover, the carrier 
vector can be modified to target it for transport across the BBB. For example, the carrier 

20 vector (e.g. , liposome) can be covalently modified with a molecule vdiich is actively 

tranqxirted across die BBB or with a ligand for brain endothelial cell receptors, such as a 
monoclonal antibody that specifically binds to vansforrin recqnors (see e.g.^ PCT 
Publicadons WO 91/04014 by Collins et al, and WO 94/02178 by Greig et al.y 

In still another approach to enhancing transport of the modulator across the BBB, the 

25 modulator is coadministered with another £«ent which functions to permeabilize the BBB. 
Examples of such BBB ''permeabilizers" include bradykinin and bradykinin agonists (see 
eig., U.S. Patent 5,1 12396 by Maifroy-Camine) and peptidic compounds disclosed in U.S. 
Patent 5,268, 1 64 by Kozarich et al 

A modulator conqx>und of the invention can be formulated into a phannaceutical 

30 composition wherein the modulator is the only active compound or. alternatively, the 

pharmaceutical cmnpodtion can contam additional active con^wunds. For example^ two or 
more modulator oooqxnmdsm!^ be used in combvoation. Mcneover, a modulator compound 
of the invention can be comUned with one or more other agents that have anti-amyloidogenic 
properties. For exan^)le. a modulator compound can be combined witii the non-qjecific 

35 cholinesterase inhibitor taoirc (Cognex®, Parke-Davis). 

In another embodiment a pharmaceutical composition of die invention is provided as 
a packaged fomiulation. The packaged formulation may include a pharmaceutical 
composition of the invention in a container and printed instructions for administration of the 
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coznposidozrfor treating a subject havii^ a disorder associa^ vnA ^-amyloidosis, e,g. 
Alzheimer's disease, 

n M^pdsfffUiffngAp Modulators 

Aziotker aspect Qfti)emventio& pertains to methods for altering the aggregation or 
inhibiting the neurotoxicity of natural p*amyIoid peptides. In tl» methods of the invention, 
natural p amyloid pqitides are contacted with a p amyloid modulator such that the 
aggregaticm of the naniral p amyloid peptides is altered or the neurotoxicity of the natural p 
amyloid peptides is inhibited. In a preferred embodimait» die modulaft>r inhibits aggregation 
oftbe natural p amyloid peptides. In anoAer embodiment, the modulator promotes 
a^r^ation of the natural p amyloid peptides. Pre&rably, aggregation of a molar excess 
amount of p-AP, relative to the amoum of modulator, is altered upon contact with die 
modubtor. 

In the method of die invention, natural p amyloid peptides can be contacted widi a 
modulator either in vitro or in vivo. Thus, the term "contacted with" is intended to encompass 
both incubation of a modulator with a natural p-AP pi cpaiati on in vitro and delivery of the 
modulator to a site in vivo where natural P-AP is present Since the modulator compound 
interacts with namral P-AP» the modulator compounds can be iised to detect namrai P-AP, 
either in vitro or in vivo. Accordingly, one use of the modulator compounds of the invention 
is as diagnostic agents to detect die presence of natural p-AP, etdier in a biological saitiple or 
iff vfvD in a subject. Furdiermore» detection of natural P-AP utilizing a modulator compound 
of the invention ftnther can be used to diagnose amyloidosis in a subject. Additionally, since 
die modulator compounds of the invention disrupt P-AP aggregation and mhibit P^AP 
neurotoxicity, the modulator compounds also are useful in the treatment of disorders 
associated with p-amyloidosis. either prophylactically or therapaitically. Accordingly, 
another use of the modulator compounds of the invention is as therapeutic agents to alter 
aggregation and/or i^urotoxicity of natural p-AP. 

In one embodiment a modulator compound of the invention is used in vitro, for 
example to detect and quantitate natural P-AP in sample (e.g., a sample of biological fluid). 
To aid m detection, the modulator compound can be modified with a detectable substance. 
The somoe of natural p-AP used in the mediod can be, for example , a sanqile of 
cerefaro^imal fluid (e.g:» fiom an AD patient, an adult suscqjtible to AD due to fiunily 
histoity.oranonnaladuh). Hie natural p-AP sanqple is cratacted with a modulator of the 
mvention and aggr^ation of the p-AP is measured* such as by as assay described in 
Examples 2, 5 and 6. Preferably, the nucleation assay and/or seeded extension assi^r 
described in Example 6 is used. The degree of aggregation of die p-AP sample can dien be 
compared to that of a control sample(s) of a known concentration of P-AP, similarly 
contacted with die modulator and die results can be used as an indication of whether a subject 
is susceptible lo or has a disorder associated with p-amyloidosis. Moreover, P-AP can be 



detected by detecting a xiiodnlaxiiiggi^ Forexanq)le» 
modulators incorpoialing a biotin compound as described herein ie.g. » an amino-tenninally 
biotinylated P-AP pq>tide) can be detected using a streptavidin or avidin probe which is 
labeled with a detectable substance (e.;., an en^xne^ such as peroxidase). Detection of 
S natural PrAPaggr^atesinixed with a inodulaiorofthe invention using a probe dial 
the modulating gtcnxp (e.;., biotin/streptavidin) is de»ribed further in Exanqde 2. 

In anodier embodiment, a modulator conq)Ound of the invention is tised in vivo to 
detect, and, if desired, quantitate, natural I^AF dcposidon m a subje^ 
fhe diagnosis of pamylddosis in the subject To aid in detectirat the modulator compound 

10 can be mo<Ufied widi a detectable substance, prefierably ^Tc or radioactive iodine 

(described further above), M^uch can be detected to vrw in a ^ The labeled p-amyloid 
modulator compound is admirustered to the subfect aiid, afker sufSciem time to allow 
accumulation of the modulator at sites of amyloid deposition, the labeled modulator 
compound is detected by standard im^^ing techniques. The radioactive signal generated by 

1 5 the labeled compound can be directly detected {e.g. ^ ^^le body counting), or alternatively, 
the radioactive signal can be converted into an image on an aucoradiograph or on a computer 
screen to allow for imaging of amyloid deposits in the subject. Methods for imaging 
amyloidosis using radiolabeled proteins are known in the art. For example, serum amyloid P 
ccmiponent (SAP), radiolabeled with either l^I or ^Tc, has been used to image systemic 

20 amyloidosis (see e,g, Hawkins, ?:ti. and Pepys, MB. (199S) Eur. J. NucL Med. 22:595-599). 
Of die various isotypes of radioactive iodine, preferably 1^1 (half-life » 13^ hours) is used 
for whole body scintigrai^y, ^^^I (half life » 4 days) is used for positron emission 
tomography (PET). I25i (half life = 60 d^s) is used for metabolic turnover studies and ^^H 
(half life = 8 days) is used for whole body counting and delayed low resolution imaging 

25 studies. Analogous to studies using radiolabeled SAP* a labeled modulator compound of the 
invention can be delivered to a subject by an sfiiHt>priate route {e.g.^ intravenously, 
intraspinally, imracerebrally) in a single bolus, for example containing 100 of labeled 
compound cairying approximately 1 80 MBq of radioactivity. 

The invention provides a method for d^ecting the preserce or absence of natural 

30 amyloid peptides in a Uolc^cal sample, comprising contacting a biological sample widi a 
compound of the inventicm and detecting the compound bound to nanmd P-amyloid peptides 
to thereby detect the {vesence or absence of natural P-amy loid peptides in die biological 
sanqsie. In one embodiment, the P-amyloid modulator compound and the biological sample 
are contacted in vitro. In another embodiment, the ^-amyloid modulator compound is 

35 contacted with the biological sample by administering die p-amyloid modulator compound to 
a subject For in vrvo administration, preferably the compotmd is labeled with radioactive 
techneuum or radioactive iodine. 

The invention also provides a method for detecting natural ^-amyloid peptides to 
facilitate diagnosis of a P-amyloidogenic disease, comprising contactitig a biological sample 
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with ^ compound of the tnvemioii and detectii^ the conl|K>i2nd bound to natural ^•amyloid 
peinides to facilitate dmgnoas of a ^^amyloidogou In oj» embodiment, the 

amyloid modulator comix>und and the biological sample are contacted in vitro. In another 
embodiment, the p-amyloid modulator compound is contacted with the biological sample by 
S adnunistering the P-amyIoidnK>duiator compound to a sub^ Forihvfvoadministntion, 
preferably the confound is labeled with radioactive technetium or radioactive iodine. 
Pre&FBblyp use of Oe method &ci!itBles diagnosis of Alzheinier's disease. 

In anodier embodimeot, the invention provides a method for altering natuxal AP 
aggrejgaticm or inhibitmg P-AP neurotoxicity, which can be usedprcq^ylactically or 
10 therapeutically m the treatment or prevention of disorders associated with p amyloidosis. e.g., 
Alidiehnei's Disease. As demonstrated in Exanqile 10, modulator conqjounds of the 
invention reduce the toxiciQr of natural p-AP aggi^ates to cultured neuronal cells. 
Moreover, the modulators not only reduce the fcvmation of neurotoxic aggregates but also 
have the ability to reduce the neurotoxicity of |»efoimed Ap fibrils. Accordingly, the 
15 modulator conqjounds of the invention can be used to inhibit or prevent the formation of 

neurotoxic Ap fibrils in subjects (eg:, prophyiactically in a subject predisposed to P-amyloid 
deposition) and can be used to reverse p-amyloidosis therapeutically in subjects already 
exhibiting p-amyloid depo^on. 

A modulator of the invention is contacted with natural p amyloid peptides present m a 
subject (e.g., m the cerebfospmal fluid or cerebrum of the subject) tt> thereby alter the 
aggregation ofthenannaip-AF and/or iiihibit the neurotoxidQT of the nam A 
modulator compound alone can be administered to the subject, or aheroarively, the modulator 
con^^ound can be administered in combination with other therapeutically active agents (e.^., 
as discussed above in subsection IV). When combination therapy is enqployed the 
therapeutic agents can be coadministered in a single pharmaceutical composition, 
coadministered in separate pharmaceutical compositions or administered sequentially. 

The modulator may be administered to a subject by any suitable route effective for 
inhibiting natural P-AP aggregation m the subject, although in a particularly preferred 
embodiment, the modulator is administered parenterally, most preferably to the central 
xiervous system of the subject Pos^ble routes of CNS admmistration mclude iTitr«<pjnni 
adnunistration and intracerebral administration (e.g:, intracerrimvascular administration). 
Alternatively, die cranpound can be administered, for example, orally, imraperitoneally, 
intravenously or intramuscularly. For non-CNS administration routes, the compoimd can be 
administered in a fonnulation which allows for transport across the BBB. Certain modulators 
may be transported across the BBB without any additional further modification whereas 
others may need further modific^on as described above in subsection IV. 

Suitable modes and devices for delivery of therapeutic compounds to the CNS of a 
subject arc known in the ait, including cerebrovascular reservoirs (e.^., Qmmaya or Rikker 
reservoirs; see e.g., Raney, JJ». et cd. (1988) J. Neuroscl Nun. 22:23-29; Sundaresan. N. et 
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al. (19S9) Oncology 1:15-22), caiheteis for intFatfaecal deliveiy Port-^hCaA, Y-caAeters 
and the like; see Phmmer, JX. (1991) Poiit 44:215-220; Yaksh^ TX. er a/. (1986) 
PharmacoL Btochem. Behav. 21:483-485), injectable intiatfaecal reservoirs (e.;., Spixudgesic; 
see Biazcnor, GA. (1987) ^curasurgely 21:484-491), implantable infusion pump 
5 systems (e.g., Infusaid; see eg., Zicrski, J. c/ al. (1988) ^c/a Neurockem. Suppl 43:94-99; 
Kanofi; ILB. (1994) J. Am. Osteopath Assoc. 94:487-493) and osmotic pumps (sold by Alza 
(^rporation). Aparticularlyprdbredmodeofadnunistration is via an implant 
extenudly programmable infusion pump. Suitable infusion pump systems and reservoir 
systems are also described in U.S. Patent No. 5, 368,562 by Blomquisc and U.S. Patent No. 

10 4,731,058 by Doan, developed by Phaxmacxa Deltec Inc. 

Tlie method of the inventicm for altering P- AP aggregation in vivo , and in particular 
for inhiUting P-AP ^gregation, can be used therapeutically in diseases associated with 
abnomial P amyloid aggregadon and deposition to thereto slow the rate of ^ amyloid 
deposition and/or lessen the degree of 0 amyloid deposition, thereby ameliorating the course 

IS of the disease. In a prefarred embodiment the method is used to treat Alzheimer's disease 
{e.g., sporadic or familial AD, including both individuals exhibiting symptoms of AD and 
individuals susceptible to &milial AD). The method can also be used prophyiactically or 
therapeutically to treat other clinical occurrences of p amyloid deposition, such as in Down's 
syndrome individuab and in patients with hereditary cerebral hemorrhage with amyloidosis- 

20 Dutch-type (HCHWA-D). Whileinlubitionofp-AP aggregation is a preferred therapeutic 
method, modulators that ixomote P-AP aggregation may also be useful therq^euticaliy by 
allowing for the sequestration of P-AP at sites that do not lead to neurological impairment. 

Additicmally, abnormal accumulation of ^-amy loid precursor protein m muscle fibers 
has been implicated in the pathology of sporadic inclusion body myositis (IBM) (Askana. V. 

25 ct al. (1996) Proc. Natl Acad ScL USA 21:1314-1319: Askanas. V. et al. (1995) Current 
Opinion in Rheumatology 7:486-496). Accordingly, the modulators of the invention can be 
u^ prophyiactically or therapenticaily in the treatment of disorders in which p-AP. or APP. 
is abnormally deposited at non^neurological locations, such as treatment of IBM by delivery 
of the modulators to muscle fibers. 

30 

Vn. Unmodified AB Pep tides that Inhibit Aggregation of Natural 6-AP 

In addition to the p-amyloid modulators described hereinbefore in which an AP 
peptide is coupled to a modifying group, the invention also provides ^-amyloid modulators 
conqnised of an unmodified Appepticte. It has now been discovered that certain portions of 
35 natural P-AP can alttr aggregation of natural p-APs when contacted with the natural p-APs 
(see Example 12). Accordingly, these unmodified Ap pq)tides comprise a portion of the 
natural p-AP sequence {ie., a portion of pAPi.39, pAPj^Q, pAP|^2 ^ PAP^s)- ^ 
particular these unmodified Ap peptides have at least one amino acid deletion compared to 
pAP].39, the shortest natural P-AP, such that the compound alters aggregation of natural p- 
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an^Ioid peptides iwbencojnactedivith the Invarious 
emtx)diments« these unmodified peptide compounds can promote aggregation of natural ^ 
amyloid peptides, or» more preferably, can inhibit aggregation of natmal ^amyloid peptides 
when contacted with the natural p-amyloid peptides. Even more preferably, the unmodified 
5 peptide compound inhibits ^gregation of natural P-amyloid pqstides when contacted with a 
molar excess amount of natmal P-amyloid peptides ie.g.^ a 10-fold« 33-fold or 100-fold molar 
excess amount of natural P-AP). 

As discussed above» the unmodified pep&dc confounds of the invention comprise an 
aniino add sequence having at least one amino acid deletion oon^aied to die amino acid 
10 sequence of pAPi.39. Alternativdy, die unmodified pqilide compound can have at least five, 
ten, fifteen, twenty, twenty-five» thirty or thirty-five amino acids deleted conopaxed to 
pAPi.39. Still fimher the unmodified peptide compound can have 1-5^ 1-10» 1-15, l-20» 1* 
25, 1-30 or 1-35 amino acids deleted compared to pAPi.39. The ammo add de]etion(5) may 
occur at the amino-terminus. the carboxy-terminus. an internal site, or a combination thereot 
15 of the p-AP sequence. Accordingly, in one embodiment, an unmodified peptide compound 
of the invention comprises an amino acid sequence which has at least one internal amino add 
deleted compared to pAPi.39. Aheroatively* the unmodified peptide compotmd can have at 
least five, ten, fifteen, twenty, twenty-five, thirty or thirty-five internal amino acids deleted 
compared to PAP1.39. Still fiiriher tfie unmodified pqnide conipound can have 1-5, 1-10, 1- 
15, 1-20, 1-25. 1-30 or 1-35 internal amino adds deleted compared to PAP].39. For peptides 
with internal deletions, preferably die pqytide has an amino terminus corresponding to amino 
add residue I of natural PAP and a carboxy terminus corresponding to residue 40 of natural 
pAP and has one or more intemal P-AP ammo add residues deleted (/.e, a non-contiguous 
Ap peptide). 

In another embodimenL the unmodified peptide compound comprises an amino acid 
sequence which has at least one N-temiinal amino acid deleted compared to PAP).39 
Alternatively, the unmodified peptide compound can have at least five, ten, fifteen, twenty, 
twenty-five, thirty or thirty-five N-teraunaJ amino acids deleted compared to PAP]. 39. Still 
further the unmodified peptide compound can have 1-5, 1-10, 1-15, 1-20, 1-25, 1-30 or 1-35 
N-temiinal amino adds deleted compared to pAP]«39. 

In yet another embodiment^ the unmodified peptide conqiound comprises an amino 
acid sequence which has at least one C-terminal amino add deleted ccmipared to PAP].39 
Ahemati vely , the unmodified pqitide con^und can have at least five, ten, fifteen, twenty, 
twenty-five, thirty or thirty-five C-teiminal ammo adds ddeted compared to pAP].39. Still 
finther the unmodified peptide compound can have 1-5, 1-10, 1-15. 1-20, 1-25, 1-30 or 1-35 
C-teiminal amino acids deleted compared to PAP).39. 

In addition to deletion of amino adds as compared to PAP1.39, the peptide compound 
can have additional non-P-AP amino acid residues added to it, for example, at the amino 
temiinus, the carboxy-teiminus or at an intemal site. In one embodiment, the peptide 
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CQmpound has at least one non-^amyloid pq^deKteived amino acid at its N-tmsimis. 
Alternatively, the coinpotmd can have, for exmnple, 1-3, 1-S, 1-7, 1-10, 1-15 or 1-20 non-^- 
amyloidpeptide-derived amino acid at its N-temiiniis. In another embodiment, the peptide 
compound has at least one non-P-amyloid peptide-derived amino acid at its C-tenninus. 
S Alternatively, the compound can have, for example, 1-3, 1-S, 1-7, 1-10, 1-15 or 1-20 non-p- 
amyloid pepdde-derived amino acid at its C-termimis. 

In specific imforred embodiments, an unmodified peptide compound of the invention 
comprises AP5.20 amino acid sequence of vAich is shown in 5EQ ID NO: 4), A^]^20 
(the amino add sequence of yAdch is Axrm in SEQ ID NO: 14), AP1.20, 26-40 ammo 
10 acid sequence of which is shown in SEQ ID NO: 15) or EEVVHHHHQQ-pAP|^ (flie 
amino acid sequence ofwfaxch is shown in SEQ ID NO; 16). In the nomenclature used 
herein, 9APi.20, 26-40 represents pAP|^ in xAdch the mtemal amino add residues 21-25 
have been deleted 

An unmodified peptide compound of the invention can be chemically synthesized 

1 5 using standard techniques such as those described in Bodansicy , M. Principles of Peptide 
Synthesis. Springer Veriag, Berlin (1993) and Grant, GA (ed.). Synthetic Peptides: A User's 
Guide, Freeman and Company, New Yoric ( 1992). Automated peptide synthesizers are 
commercially available (eg.. Advanced ChemTech Model 396; Milligen/ Biosearch 9600). 
Alternatively, unmodified peptide compounds can be prepared according to standard 

20 recombinamDNAtedmiquesusiiig a nucleic add molecule encoding the peptide. A 

nucleotide sequence encoding the peptide can be detetmined using the genetic code and an 
oligonucleotide molecule having this mideotide sequence can be synthesized by standard 
DNA syndesis methods (e.g., using an automated DNA synthesizer). Alternatively, a DNA 
molecule encoding an unmodified peptide compound can be derived frpm the natural ^ 

25 amyloid precursor protein gene or cDNA (eg.« using the polymerase chain reaction and/or 
restriction enzyme digestion) according to standard molecular biology techniques. 

Accordingly, the mvention fiuther ]HOvides an isolated nucleic add molecule 
comprising a nucleotide sequence encoding a ^-amyloid peptide compound, the ^-amyloid 
peptide compound comprising an amino add sequence having at least one amino add 

30 deletion compared to ^AP 1^39 such that the p-amyloid peptide co^^x)und alters aggregatim 
of oatuial P-amyidd peptides when contacted witii the natural ^amyloid peptides* As used 
herein, the teim '*nucldc add molecule" is intended to include DNA molecules and RNA 
molecules and may be snigle-stranded or double-snanded, but preferably is doiible-stranded 
DNA. The isolated nucldc acid encodes a peptide wherein one or more amino adds are 

35 deleted fiom the N-terminus, C-terminus and/or an internal site of pAP].39, as discussed 
above. In yet other embodiments, the isolated nucleic acid encodes a peptide compound 
having one or more amino acids deleted compared to 0 AP ] .39 and further having at least one 
non-p-AP derived amino add residue added to it, for example, at the amino terminus, the 
carboxy-tetminus or at an internal site. In specific prefexred embodiments, an isolated 
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nucleic add molecule of the invemiDn encodes pAPe-ao. ^16-30* PAPi.jo 2M0 <» 
EEVVHHHHQQ.pAP,5^. 

To fiacilitate exptessAon of a peptide compound in a host cell by standaid 
recombinam DNA tecbniques, the isolated nucleic acid encodii^ the pqKide is 
incoipoiatednito a recomWnam expression vector. Accordingly, the invention also 
provides lecombinam expression vectors conqjiising the nucleic acid molecules of die 
invention. As used herein, the teim "vector" refers to a nucleic acid molecule oquble of 
transpoitti^anoaeinudeic add to which it has been linlwd. Qne^peofvectorisa 
"plasmtd", which refers to a eircubr doubte stranded DNA loop into which additional 
DNA segments mqr be ligated. Anodwr type ofvector is a vital vector, wheiem 
additional DNA segments mqr be ligatedmto the vual genome. Certain vectors are 
cqnble of autonomous repOcation in a host cell into viiiich ihey are intwduced (eg., 
bacterial vectors having a bacterial origm of replication and episomal mammalian vectore). 
Other vectors (e.g., non-episomal mammalian vectors) are integrated into the genonw of a 
host cell upon miroduction into the host cell, and diereby are replicated along with the host 
genome. Mweover, certain vectors are capable of directing the acpiession of genes to 
which they are operativdylmked. Such vectors are referred to herein as "recombinam 
eJtpression vectors" or simply "expression vectors". In general, expression vectois of 
utUiQrinzecombinantDNAtedmiquesareoftenmthe&nmofplasmids. Intfaepnsent 
spedfication, "plasmid" and "vect»" m^ be used interehangeably as die plasmid is the 
most commonly used fbnn ofvector. However, the invention is mtended to incfaide such 
oUier fomis of expression vectors, such as viral vectors, wiiich serve equivalem fimctions. 

hi die recombmant expression vectors of die invention, die nudeotide sequence 
encoding die peptide compound are operativdy linked to one or more regulatory sequences, 
selected on die basis of die host cells to be used for expression. The term "opeiably linked" 
is intended to mean diat the sequences encoding the peptide compound are linked to the 
regulatory sequence(s) in a manner diat allows for expression of die peptide compound. The 
term "regulatory sequence" is intended to includes promoters, enhancers and odier expression 
control dements (e.g., polyadenylation signals). Such regulatory sequences are described, for 
example, in Goeddd; Gene Expression Technology: Methods in Enzymology Ji5, Academic 
Prtss, San Di^o, CA (1990). Regulatory sequences indude those that dhea constinitive 
expression of anudeotide sequence in many types of host cdl, those diat direct expression of 
die nucleotide sequence only m certain host cells (fcg:, tissue-spedfic regulatory sequences) 
and diose dial direct esqiression m a regulatable manner (e.g., only in die presence of an 
inducing agent). It will be ^jpreciated by diose skiUed in die an dutt die design of die 
expression vector may depend on such fectors as die choice of die host ceU to be transformed, 
the level of «q>ression of peptide compound desired, etc. The expression vectors of die 
invention can be introduced into host cells diereby to produce peptide compounds encoded by 
nucleic adds as described herein. 



n . 

Tbe TQcomfamant mpxsAon vectors of the invention can be designed for expression 
ofpeptideconq>oundsinproIcaiyoticoreiika]yoticcel]s. For example, peptide compounds 
can be expressed in baderial cells such as £L coli, insect cells (using bacixloviius e^qnession 
vectors) yeast cells or mammalian cells. Suitable host cells are discussed fintfaer in Goeddel, 
S Gene Expression Technology: Methods in Enzymology 185. Academic Press, San Diego, CA 
(1990). Alteniatively, the reomibinam expression vector mi^ be transcribed a^ 
in viiro^ for ocanq)le using T7 promoter legulatoiy sequences and T7 polymerase. Examples 
of vectors for e?qiressi(m in yeast S. cerMsae include pYepSecl (Baldari etal., (1987) 
EAaOJ. £:229-234), pMFa (Kuqan and Herskowitz, (1982) Ce//lQ:933-943), pJRY88 

10 (Schultz et al., (1987) Gene 13-123), and pYES2 (Invitrogen Corporadon, San Diego, 
CA). Baculovirus vectors available for expression of proteins or peptides in cultured insect 
cells ie.g.. Sf 9 cells) mdude the pAc secies (Smith et al., (1983) MoL Cell. Biol 3:2156- 
2165) and the pVL series (Lucklow, Vj\.^ and Summers. M J)., (1989) Virology 12^:31-39). 
Examples of mammalian expression vectors include pCDMS (Seed B.. (1987) ASorure 

15 329:840) and pMT2PC (Kaufinan et al. (1987), EMBOJ, 6:187-195). When used in 
mammalian cells, the ex|Kessiott vector's control functions are often provided by viral 
regulatory eiemoits. For exan^le, commonly used promoters aze derived horn polyoma, 
Adenovirus 2, cytontegalovirus and Simian Virus 40. 

In addition to the regulatory control sequences discussed above, the recombinant 

20 expression vector may contain additional nucleotide sequences. For example, the 

recombinant expression vector may encode a selectable marker gene to identify host ceUs 
that have incorporated the vector. Such selectable marker genes are ^\'ell known in the art. 
Moreover, the ficilitate secretion of the peptide compound from a host cell, in particular 
mammalian host cells, the recombinant expression vector prefinably encodes a signal 

25 sequence operatively linked to sequences encoding the amino^terminus of the peptide 

compound such that upon expression, the peptide compound is synthesized with the signal 
sequence fused to its amino terminus. This signal sequence directs the peptide compound 
into the secretory pathway of the ceU and is then cleaved, allowing for release of the 
mature peptide compound (/.e*» the peptide compound without the signal sequence) from 

30 thehostcell. Use of a signal sequence to &cititate secretion of proteins or peptides from 
mammalian host cells is well known in the art. 

A recombinant expression vector c<nnprising a nucleic acid encodii^ a peptide 
compound that alters aggregation of natural p-AP can be introduced mto a host cell to 
thereby produce die peptide conqiound in die host cell Accordingly, the invention also 

35 provides host cells containing the recombinant expression vectors of the invention. The 
terms "host cell** and ^'recombmant host ceir are used interchangeably hereixL It is 
understood that such terms refer not only to the particular subject cell but to the progeny or 
potential progeny of such a cell. Because certain modifications may occur in succeeding 
generations due to either mutadon or environmental influences, such pmgeny may not, in 
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iact, be identical to the parent cell, but aie still included within tfie scope of the tenn as used 
hoein. A host cell may be any piokaiyotic or eukaiyotic celL For example, a peptide 
compound may be e)qiressed in bacterial cells such as £ a>/i» insect cells, yeast or 
mammalian ceils. Preferably, the i^ptide compound is expressed in mammalian cells. In a 
prefiared embodiment, the pq>tide conqKnmd is exfnessed in manunalian cells in vivo in a 
m a mmalian subject to treat amyloidosis in die subgect through gene therapy (discussed 
findier below). Preferably, the ^-amyloid peptide compound encoded by the recombinant 
expression vector is secreted fipom the host ceU iq)on being expressed m 

Vectw DNA can be introduced into prokaryotic or eukaiyotic cells via conventional 
onnsibnnadon or trana&ction techniques. As used heiein, die terms "uansformation*' and 
" tnmsfection" are intended to refer to a variety of art^recognized techniques for introducix^ 
foreign nucleic add (e.g., DNA) into a host cell, xnciuding calcium phosphate or calcium 
chloride co-precipitation, DEAE-dextran-mcdiated transfection, lipofection, electroporation, 
microinjection and viral-mediated tzansfecdon. Suitable methods for tiansfonning or 
transfecting host ceUs can be found in Samteook €( aL (Molecular Cloning: A Laboratory 
Manual, 2nd Edition, Cold Spring Harbor Laboratory press (1 989)), and other laboratory 
manuals. Methods for introducing DNA into mammalian cells in vivo are also known in the 
azt and can be used to deliver the vector DNA to a sul:gect for gene therapy purposes 
(discussed further below). 

For stable transfection of mammalian cells, it is known that, depending upon the 
e3q>ression vector and transfection technique used only a small fiaction of cells may integrate 
the foreign DNA into their genome. In order to identify and select tiiese intMzants, a gene 
that encodes a selectable marker (eg., resistance to antibiotics) is generally introduced into 
the host cells along with the gene of interest. Preferred selectable markers include those that 
confer resistarKc to drugs, such as G41 8, hygromycin and meUx>trexaie. Nucleic acid 
encoding a selectable marker may be introduced into a host cell on the same vector as that 
encoding the peptide compound or may be introduced on a separate vector. Cells stably 
transfected with the introduced nucleic acid can be identified by drug selection (e.g., cells 
tiiat have incorporated Ae selectable maricer gene will survive, ^e tiie other cells die). 

A nucleic add of the invention can be delivered to cells in vivo usmg methods known 
in die art, such as direct injection of DNA, receptor-mediated DNA uptake or viral-mediated 
transfection. Direct injectira has been used to introduce naked DNA into cells in v/vo (see 
e.g., Acsadieffl/. (1991) iVflrare 332: 815-818; Wolfifc/c/. (1990) SWciice 247:1465-1468). 
A delivery apparatus (e.g., a "gene gun") for injecting DNA into cells in vivo can be used. 
Such an apparatus is commercially available (e.g., torn BioRad). Naked DNA can also be 
introduced into cells by complexing the DNA to a cation, such as polylysine, which is 
covjAed to a ligand for a cell-surfece receptor (see for example Wu, G. and Wu, C.H. (1988) 
J. Biol CheoL 263:14621; WUson es ai. (1992) J. Biol. Ghent 267:963-967; and U.S. Patent 
No. 5466^20). Binding of the DNA-ligand complex to tiie receptor facilitates iq)take of the 



DNA by teeeptor-mediated endoeytosis. Ad£tionally, a DNA-ligand complex linked to 
adcoovinis capsids vibidx natarally disrupt eitdosoines, dieieby releaang material into the 
cytoplasm can be used to avoid degradation of the complcK by intracellular lysosomes (see 
for exan4>le Curiel et aL (1991) Proc Natl. Acad SeL USA 88:8850; Czistiano et al (1993) 
Proc Natl. Acad. Set. USA 90:2122-2126). 

Defective retroviruses are well characterized for use in gene trans&r for gene tfaerq)y 
purposes (for a review see Miller. AJ>. (1990) Blood 76:271 ). Protocols for producing 
recombinant retrovinBes and for infecting ceils in vitro cx in vivo with such viruses can be 
found in Current Pmiocois in Molecular Biology. Ausubel, F.M. *t al. (eds.) Greene 
Publisfaing Associates, (1989), Sections 9.10-9. 14 and oOer standard laborattty manuals. 
Examples of suitable retroviruses include pU, pZIP, p WE and i£M wiixcb are well known to 
diose skilled in the art Exanq)les of suitable packaging virus lines include i|fCrip, vjK^re, vfl 
and t|fAm. Retroviruses have been used to iimtMluce a variety of genes into many different 
cell types, including epidielial ceils, aidotheiial cells, lymphocytes, myoblasts, faepatocytes. 
bone marrow cells, in vitro and/or in vivo (see for example Eglitis. et al. (1985) Science 
230:1395-1398; Danos and Mulligan (1988) Proc. Natl Acad Set. USA 85:6460-6464; 
Wilson era/. {\<iZ%) Proc. Natl Acad Sci. USA 85:3014-3018; Armentanoc/«l (1990) P«>c. 
NaiL Acad Sci. USA 87:6141-6145; Huberero/. (1991) iVoc. Natl. Acad Sci. USA 88:8039- 
8043; Ferry et al. (1991) Proc. Natl Acad Sci. USA 88:8377-8381; Cfaowdhuiy et al. (1991) 
Science 254:1802-1805; van Beusechem et al (1992) Proc. Natl Acad Sci. USA 89:7640- 
7644; et al (1992) Human Gene Theng/y 3:641-647; Dai e/ al (1 992) Proc Natl Acad 
ScL USA 89:10892-10895; Hvnetal (1993)7. Immunol 150:4104-4115; U.S. PatemNo. 
4,868,1 16; U.S. Patent No. 4,980.286; PCT Application WO 89/07136; PCT Application WO 
89/02468: PCT Application WO 89/05345; and PCT AppUcation WO 92/07573). 

Alternatively, the geninne of an adenovirus can be manipulated such that ii encodes 
and expresses a peptide compound but is inactivated in terms of its ability to replicate in a 
normal lytic viral life cycle. See for example Berkner et al. ( 1 988) BioTechnigues 6:616; 
Rosenfeld etal il99\)Science 252:431-434; and Rosenfeld etal. (1992) Ce// 68:143-155. 
Suitable adenoviral vectors derived fiom the adenovirus strain Ad type 5 dl324 or other 
strains of adenovirus (e.g. , Ad2, Ad3, Ad7 etc) are well known to those skilled in the art 
Recombinant adenovittises are advant^eous in that they do not require dividing cells to be 
efifeetive gene deliver)' vdiides and can be used to infect a wide variety of cell types, 
including airway epithelium (Rosenfeld etal.(l 992) cited si^a), endothelial cells 
(Lemarchand et al (1992) Proc. Natl Acad Sci USA 89:6482-6486). hepatocytes (Herz and 
Gerard (1993) Proc. Natl Acad Sci. USA 90:2812-2816) and muscle cells ((^uantin et al. 
(1992) Proc. Natl Acad ScL USA 89:2581-2584). Additionally, introduced adenoviral DNA 
(and foreign DNA contamed therein) is not integrated into die genmne of a host cell but 
remains episomal. thereby avoidii^ potential problems that can occur as a result of 
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insomcmal mutagen»s in sitwttkms where intro 
goome ie.g., letrovital DNA). 

Adeno-assodated virus (AAV) can also be used for deKvety of DNA for gene Aeapy 
purposes. AAV is a naturaUyoccumngdefixtivevmis4at requites anotbervi^ 
5 adenovirus or a hopes virus, as a helper virus for efficient replication and a productive life 
cycle. (For a review see Miizyczkaef oil Curr. Topics in Micro, and Immunol. (1992) 
IS8.*97-I29). It B also one of the few viruses diat may integrate its DNA into non^lividmg 
cells, and esdiibiis a high fivqiiency of stable integzatton (see foexan^leHotte (1992) 
Am. J. Xespir. CelL Mol. Biol 7:34M56; Samulski a/. (1989) J! Virol 63:3822-3828; and 
10 McLau^e/dL (1989)7. Wroi 62:1963-1973). Vectors containing as little as 300 base 
pairs ofAAV can be packaged and can integrate. An AAV vectcvsoch as that described in 
Tratschin et al (1985) Mol Cell. Biol 5:3251-3260 can be used to intitxhice DNA into cells. 
A variety of nucleic acids have been inttoduced into different cell types using AAV vectois 
(see for example Hermonat et al. (1984) Proc. Natl Acad. Set. USA 8 1 :6466-6470; Tratschin 
15 et al. (1985) Mrf. Cell Biol. 4:2072-2081: Wondisfoid et al. (1988) M>/. Endocrinol 2:32- 
39; Tratschin etal (1984)7. Virol 51:61 1-619; and Flotte etal (1993)7. Biol Chem. 
268:3781-3790). 

Hie mvendon provides a method for treating a sulgect fora disorder associated with 
Mnyloidosis. conqMising administoing to the suigect a recombinam expression v^^ 
encoding a P<«nqrIoid pqjtide compound, the con^raund con^nising an amino add sequence 
havirig at least one amino add deletion ctnnpared to pAPi.39, such that the P-amyloid 
peptide compound is synthesized in the subject and the subject is treated for a disMder 
assodated with ^amyloidosis. Pteferably, the disorder is Alzheimer's disease. In one 
emboduncnt the recombinant expression vector directs expression of the peptide compound 
in neuronal cells, hi another embaiimenL the recombinant expression vector directs 
expression of the peptide compound in glial cells. In yet another embodiment, Ujc 
recombuiam ejqjtesston vector directs expression of tije peptide compound in fibroblast cells. 

General methods for gene ^terapy are known m the art See for example, U.S. Patent 
No. 5^99,346 by Anderson et al A biocompatible ciqisule for delivering genetic material is 
described in PCT Publication WO 95/05452 by Baetgee/al Methods for grafting 
genetically modified odls to treat central nervous system disorders are described m U.S. 
Patent No. 5,082,670 and in PCT PubKcations WO 9W06757 and WO 93/10234, aU by Gage 
et al Isolation and/or genetic modification of muWpotent neural ston cells or neuto-derived 
fetal cells are described m PCT Publications WO 94/02593 by Anderson etal., WO 94/16718 
by Wdss et al., and WO 94/23754 by Major et al. Fibroblasts transduced widi genetic 
material are described in PCT Publication WO 89/02468 by MulUgan et al Adenovirus 
vectors for transfering genetic material into cells of the central nervous system are described 
in PCT Publication WO 94/08026 by Kahn et al. Herpes simplex virus vectors suitable for 
treating neural disorders are described m PCT Publications WO 94/04695 by Kaplm and WO 
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90/09441 by-Gellere/o/. Pxraiow dments of the glial fibiillar^ 

confer astrocyte specific expressicm on a linked gene ot gene fiagmenx, and vAdch thus can be 
used for expression of peptides specificaUy in astrocytes, is described in PCT Publication 
WO 93/07280 by Brenner et al. Furthermore, alternative to expression of an peptide to 
S modulate amyloidosis, an antisense oligonucleotide that is complementary to a region of the 
^-amyloid precursor protein mRNA coneqionding to the peptides described hezein can be 
eaqsessed in a suigect to modulate amyloidosis. General mediods for eaqjiesang anrisense 
oligonucleotides to modulate nervous system disorders are described m PCT Publication WO 
95/09236. 

10 Altmative to delivery by genefhenqyy, a peptide compound of the inventioo 

comprising an amino acid sequence having at least one amino acid deletion conq»red to 
PAF].39 can be delivered to a subject by direcdy administering the peptide ccmipound to the 
subjea as described further herein for the modified peptide compounds of the invention. The 
peptide compound can be formulated into a j^xarmaceutical composition comprising a 

1 S therapeutically effective amoum of the ^-amyloid peptide compound and a phamiaceutically 
acceptable carrier* The peptide compoimd can be contacted with naiural p-amyloid peptides 
with a P-amyloid peptide compound such that aggregation of the natural ^-amyloid peptides 
isinhibited. Moreover, ihe peptide compouiid can be administered to the subjea in a 
therapeutically effective amoum such that the subject is treated for a disorder 

20 p-amyloidosis, such as Abiieuner's disease. 



\nih odierEiffi>qdmms 

Altiiough the invention has been illustrated hereinbefore with regard to AP peptide 
compounds, tiie principles described, involving attachment of a modifying group(5) to a 

25 peptide compound, are applicable to any amyloidogenic protein or peptide as a means to 
create a modulator compound that modulates, and preferably inhibits, amyloid aggregation. 
Accordingly, the invention provides nK>dulator compounds that can be used to treat 
amyloidosis in a variety of fonns and clinical settings. 

Amyloidosis is a general tarn used to describe pathological conditions characterized 

30 die presence of amyloid. Amyloid is a general term referring to a groi^ of diverse but 
qwcific extracellular imtein dqx>$it5 ^ch are seen m a mmiber of differem diseases. 
Thou^ diverse in their occurrence, all amyloid deposits have common morjdiologic 
properties, stain with ^ecific dyes (e.;., Congo red), and have a characteristic red-green 
bnefiiiigentq^warBncem polarized light after staining. They also share common 

35 tihrastructural featixres and ccmmion x-ray difi&action arid infhoedspect^ Amyloidosis can 
be classified clinically as piimary, secondary, femilial mi/or isolated. Primary amyloid 
^ears de novo without any preceding disorder. Secondary amyloid is that form v/bich 
^ears as a complication of a previously existing disorder. Familial amyloid is a genetically 
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uherited forai fbund in particular geographic populatknis. Isolated forms of amyloid are 
tiiose that tend to involve a single oigan system. 

Different amyloids aic characterized by the type of piotein(s) or peptide(s) present in 
the deposit For example, as d^cribed hereinbefore, amyloid deposits associated with 
Alzheimer's disease con^nise die ^-amyloid peptide and dios a modulator contpound of the 
invention fiir detecting and/or treating Ahiieimer's disease is designed based on modification 
of the P-amyloid pqstide. The identities of the proteii<s) or pepude(s) present in amyloid 
deposits assoc i ate d with a nnmber of other amy ioidogcnic diseases have been elucidated- ' 
Accordingly, modulator compounds f use in the detection and/or treatment of these other 
amyloidpgenic diseases can be prepared in a similar fiishion to Aat described herein for 
AP-deri ved moduIatCHfS. In vitro assqr systems can be established using an amylotdogenic 
jHDtein or peptide yAuch forms fibrils in vitro^ analogous to the Ap assays described herein. 
Modiilators can be identified using such assay systems, based on the ability of the modulator 
to disrupt the p-sheet structure of the fibrils. Initially, an ratire amyloidogenic protein can be 
modified or. more preferably, a peptide fragment thereof that is known to form fibrils in vitro 
can be modified (e.g:, analogous to Api-40 described toein). Amino acid deletion and 
substitution analyses can then be perfcxmed on the modified protein or peptide (analogous to 
the studies described in the Examples) to delineate an aggregation core domain that is 
sufficient, vAitn modified, to disrupt fibril formation. 

Non-limiting examples of amyloidogenic proteins ot peptides, and their associated 
amyloidogenic disorders, include: 

Transthyrerin (TTR) - Amyloids containing transthyretin occur in familial amyloid 
polyneuropathy (Portuguese. Japanese and Swedish types), familial amyloid cardiomyopatiiy 
(Danish type), isolated cardiac amyloid aiul systemic senile amyloidosis. Peptide fragments 
of transthyretin have been shown to form amyloid fibrils in vitro. For example, TTR 10-20 
and TTR 105-1 IS form amyloid-like fibrils in 20-30% acetonitrile/water at room temperature 
(Jams, IJi., et fl/.(1994) M J. Pept. Protein Res. M:388-398). Moreover, fomiliai 
cardiomyopathy (Danish type) is associated with mutaticm of Leu at position 1 1 1 to Met and 
an analogue of TTR 1 OS- 1 1 5 in which the wildtype Leu at position 1 1 1 has been substituted 
with Met (TTR lOS-1 ISMetl 1 1 ) also forms amyloid-like filnils in vitro (see e.g., 
Hcnnansen. L.F^ et aL (1 995) Eur. J. Biochent ^:772-779; Jarvis et ai. stq^a). Peptide 
fiiigments of TTR that form arnyloid fibrils in vitro are also described in Jarvi s, J. A., et d. 
(1993) Biochem. Biophys. Res. Commun. 122:991-998 and Gustavsson, A-, et al, (1991) 
Biochenu Biophys. Res. Commun, 175: 1 1 59-1164. A pqjtide fiagment of wildtype or 
mutated tramtbyretin that forms amyloid fibrils can be modified as described herein to create 
a modulator of amyloidosis that can be used in the detection or treatment of familial amyloid 
polyneuropathy (Portuguese, Japanese and Swedish typesX fiunilial amyloid cardiomyopathy 
(Danish type), isolated cardiac amyloid or systemic senile amyloidosis. 
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Prion Protein (PrP) - Amyloids in a oumber of spongifonn encqihalc^satfaies, 
including xrdpic in sheep» bovine spongifonn encqahalopathy in cows and Creutzfeldt- Jakob 
disease (CJ) and Gerstmann-Stiaussler-Schdnker syndnnne (GSS) in humans, contain PrP. 
Limited proteolysis of PrPSc (the prion protein associated with serine) leads to a 27-30 kDa 
5 fragment (PrP27-30) that polymerizes mto zod-^ped amyloids (see e.g, , Pan, ICM., et al. 
(1993) Proc. Natl Acad ScL USA 90:10962-10966; Gasset, M.. etal. (1993) Prac Noll 
Acad Sci. USA 90:1-5). Peptide fiagmeats of PrP from humans and other nnftmmfl? c have 
been shown to finm amyloid fibrils in vitro. For example, polypeptides corre^Kmdixig to 
sequences encoded by normal and mutant alleles of die PRNP gene (encoding the precursor 

10 of the prion protein involved in C J), in tiie x^ons of codon 1 78 and codon 200, 

spontaneously fbim amyloid fibrils in vitro (see e,g,, Gold&rt>, L.G., etai. (1993) Proc. Natl 
Acad ScL USA ^:44S1^54). A peptide ocompassmg residues 106-126 of human PtP has 
been reponed to form straight fibrils similar to those extracted fiom GSS brains, vs^ereas a 
peptide encompassing residues 127-147 of human PrP has been reported to form twisted 

1 S filmls resembling scrapie-associated fibrils (Ti^liavini. F.. et al (1 993) Proc. Natl Acad. 
ScL L^2fi:967g-9682). Peptides ofSyrian hamster PrP encompassing residues 109-121 
1 13-127, 1 13-120, 178-191 or 202-218 have been reported to form amyloid fibrils, with the 
most amyloidogenic peptide being Ala^Gly-Ala-Ala-Ala-Ala-Gly-Ala (S£Q ID NO: 1 7), 
which correspoiids to residues 113-120 of Syrian hamster PrP but wdiich is also conserved in 

20 PrP from other species (Gasset, M«, el aL (1992) Proc, Natl Acad ScL USA 12:10940- 
1 0944). A peptide fragment of PrP that forms amyloid fibrils can be modified as described 
herein to create a modulator of amyloidosis diat can be used in the detection or treatment of 
scr^ie. bovine spongiform encq^halopathy, Creutzfeldt-Jakob disease or Gerstmann- 
Straussler-Scheinker syndrome. 

25 Islet Amyloid Polypeptide (lAPP. also known as amylin) - Amyloids containing lAPP 

occur in adult onset diabetes and insulinoma. lAPP is a 37 amino add polypeptide formed 
from an 89 amino acid precursor protein (see e.g., Betsholtz, et al. (1 989) £xp. Cell Res. 
151:484-493; Westermaik, P-, etal. (1987) Proc. Natl Acad ScL USA 84:3881-3885)- A 
peptide corresponding to lAPP residues 20-29 has been reported to fi>rm amyloid-like fibrils 

30 in vitro, widi residues 25-29, havmg the sequence Ala-Ile-Leu-Ser-Ser (SEQ ID NO: 1 8), 
bemg strongly amyloidogenic (Westermark, P., et al (1990) Proc. Natl Acad ScL USA 
£2:5036-5040; Glenner, &G., et al. (1988) Biochem. Biophys. Res. Commun. 155:608-6141. 
A peptide fiagment of lAPP that forms amyloid fibrils can be modified as described herein to 
create a modulator of amyloidosis that can be used in the detection or treatment of adult onset 

35 diabetes or insulinoma* 

Atrial Natriuretic Factor (ANF) • Amyloids contaming ANF are associated with 
isolated atrial amyloid (see e.g., Johansson, B., et al. (1987) Biochem. Biophys. Res. 
Commun. 14g: 1087-1092). ANF corresponds to amino acid residues 99-126 (proANF99- 
126) of the ANF prohormone (pioANPM26) (Pucci, A., et al (1 991) L Pathol. 165:235- 
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241). ANF, er a fragmoit taaeot that fonns amyloid fibtils can be modified as described 

iierein to create a modulator of amyloidosis diat can be used in the detection or treatment of 
isolated atrial amyloid. 

Kappa or Lambda Light Cham . Amyloids containing kappa or lambda light chains 
are associated idiopathic (primaiy) amyloidosis^ myeloma or macroglobulinemia-assodated 
aniyloidosis, and primaxy localized cutaneous nodular amyloidosis associated -wUb Sjogren's 
^dmne. The sinictuieofamyloidogenickqjpaand lambda Ught chains, including amino 
acid sequence analysis, has been characterized (see eg., Buxbonm, J.N.. etaL (1990) Ann. 
Intern. Med. JL12:455-4€4; Sdunmann, et al. (1995) Proe. NatL Acad. ScL USA ^.-9490- 
9494; Hurie, M.IL, et id. (1994) Proe. Natl Acad. Set USA 21:5446-5450; Liqmieks, JJ., et 
aL (1990) JMb/. Awniwo/. 22:481-485; Geitz.M.A..e/<rf. (1 985) Sfcanii J. /muwmrf. 22:245- 
250; InasMmi, T., etal. (1994) Z>«n»Mro/ogv 182: 125-128). Kappa or lambda Hght chains, or 
a peptide fragment thoeof that forms amyloid fibrils, can be modified as described herein to 
create a modulator of amyloidosis tfiat can be used in the detection or treattient of idiopathic 
15 (primary) amyloidosis, myeloma or macroglobulinemia-associajed amyloidosis or priinai>> 
localized cutaneous nodular amyloidosis associated with Sjogren's syndiwne. 

Aq^Yloid A - Anqrloids containing tl» amyloid A protein (AA protein), derived fiom 
seium amyloid A. are associated with reactive (secondary) amyloidosis (see e.g., Liepnieks, 
JJ, etal. (1995)J/octe«L Biophys. i<ctel2ZS:81-86), fimulial Meditemmean Fever and 
20 ftmilxal amyloid nephropathy with urticaria and deafiiess (Muckle-Wells syndrome) (see e.g. , 
Lake, ILP., et al. (1983) Lab. Invest. 48:698-704). Recombinant human senim amyloid A 
forms amyloid-aice fibrik in vitro (Yamada, T., et al (1994) BioeMm. Biophys. Acta 
1226:323-329) and circular dicfaroism studies revealed a predominant p sheet/tom structure 
(McCubbin, W.D., et al. (1988) BiochemJ. 256;775.783). Serum amyloid A, amyloid A 
25 protein or a fragment thereof that forms amyloid fibrils can be modified as described herein 
to create a modulator of amyloidosis that can be used in die detection or treatment of reactive 
(secondary) amyloidosis, &niilial Mediterranean Fever and &niilial amyloid nqjhiopathy 
with urtieaiia and ^afiiess (Muckle-Wdls syndrome). 

Cvstatin C - Amyloida containing a variant ftf rygtatlii f ay^^ ^^i ^ ^yfth 
hereditaiy cerebral henumh^ with amyloidosis of Icelandic xspe. Ihe disease is associated 
with a leucine to glycine mutadon at position 68 and cystatin C containing this n^ 
aggregates in vitro (Abtahamson. M. and (Siubb. A. (1994) Proe. Natl Acad ScL USA 
21:1416-1420). Cystatin Cor a pqjtidefiagmentdieieofthaifiams amyloid fibrils can be . 
modified as described herein to create a modulator of amyloidosis that can be used in the 
35 detection or ocatment of hereditaiy cerebral hemonhage witii amyloidosis of Icelandic type. 
B2microglohv]{t^ - Amyloids containing fi2 microglobulin (02M) are a m^or 
compUcaiion of long term hemodialysis (see e.g.. Stein, G., et al. (1994) Nephiol. Dial. 
Transplant 9:48-50; Floege, J., et al (1992) Kidney Int Suppl. 38:S78-S85; Mauiy, CP. 
(1990) Rheumatol Im. 10:1-8). The native p2M protein has been shown to form amyloid 
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fibrils in vAw (Qnmors, L.H^ela/. (1985) BiochenL Biqphys. Res. Coinmi2n. 131:1063- 
1 068; Ono, JL,€taL(l 994) NqAron 66:404-407). P2H or a peptide fragment thereof Oat 
fonns amyloid fibrils^ can be modified as described herein to create a modulator of 
amyloidosis diat can be used in the detecdon or treatment of amyloidosis associated with 
S long lenn hemodialysis. 

ApolipowDtein AA (ApoA-I) - Amyloids containing variant fonns of ApoA-I have 
been found in hereditazy non>neuropathic systemic amyloidosis (familial amyloid 
polyneuropathy ni). For example, N-tenninal fragments (readues 1-86, 1-92 and 1-93) of an 
ApoA4 variant having a Tip to Aig mutation at position SO have been detected in amyloids 

10 (Booth, D JL, et al. (1995) fit;M88=695-702). In another fimUy, a leucine to arginine 
mutation at position 60 was found (Soutar, A.K., et al. (1992) Proc, Natl Acad. Scl USA 
82:7389-7393). Pap^hA or a peptide fragment thereof that forms amyloid fibrils can be 
modified as described herein to create a modulator of amyloidosis that can be used in the 
detection or treatment of hereditary non-neuropathic systemic amyloidosis. 

15 Gelsolin - Amyloids containing variants of gelsolin are associated with familial 

amyloidosis of Fmnish type. Synthetic gelsolin peptides that have seqiience homology to 
wildtype or mutant gelsolins and that form amyloid fibrils in vitro are reported in Maury, 
CP. et al. (1 994) Lab. Iitvest. 2S=SS8-S64. A nine residue segmem surxoundii^ residue 1 87 
(v^ch is mutated in fiunilial gelsolin amyloidosis) was defined as an amyloidogenic region 

20 (Maury, et al.^ supra; see also Maury, C J*.^ ex al. (1992) Biochem. Bit^hys. Res, Commun. 
183:227-231: Maurv, C J. (1991)7. C/in: Aivejf. 52:1195-1199). Gelsolin or a peptide 
fragmem thereof Aat fcmns amyloid fibrils can be modified as described herein to create a 
modulator of amyloidosis that can be used in the detection or treatment of fiamiiial 
amyloidosis of Finnish type. 

25 Procalcitonin or calcitonin - Amyloids containing procalci tonia calcitonin or 

calcitonin-like nnmunoreactivity have been detected in amyloid fibrils associated with 
medullary carcinoma of the tiiyroid (see e.g., Butier, M. and Khan. S, (1986) Arch. Pathol. 
Lab. Med. 1 10:647^9; Sletten. K., et al. (1976) J. Exp. Med. 143:993-998). Calcitonin has 
been shown to form a nonbranching fibrillar structure in vitro (Kedar. L, et al (1 976) Isr* J. 

30 Med. ScL 12:1 137-1 140). Procatctionin. calcitonin or a fragment thereof that forms amyloid 
fibrils can be modified as described herein to create a modulator of amyloidosis that can be 
used in the detection or treatment of amyloidosis associated with medullary carcinoma of tise 
tlqrroid. 

Fibrinogen - Amyloids ccmodnintg a variant form of fibrinogen alpha-chain have been 
35 found in hereditary renal amyloidosis. An arginine to leucine mutation at position 5S4 has 
been reported in amyloid fibril protein isolated from postmortem kidney of an affected 
individual (Benson. MD-, et al. (1993) Nature Genetics 2-J52-255). Fibrinogen alpha-chain 
or a peptide fragment thereof that forms amyloid fibrils can be modified as described herein 



wo 96/28471 PCT/DSW03492 

to create a modulator of amyloidosis that can be used in the detecdcm or treatment of 
fifatinogen-associated hereditary retial amyloidosis. 

Lvsozvme • Amyloids containing a variant fonn oflysozymc have been found in 
hmditazy systemic amyloidosis. In one fimiiiy the disease was associated with a threonine to 
S isoleudne mutation at position 56, whereas in anotiber &mily tl» disease was associated with 
a histidine to aspaztic acid mutation at position 67 (Pepys, MB., et al (1993) Nature 
2^:553*557). Lysozyme or a pqjtide fragment themifibatfonns amyloid iil^ 
modified as described herein to cieale a modulator of amytoidosis that can 
detection or treatment of lyso^me-associated hereditary systemic amyloidosis. 

10 

This invention is finther illustrated by the following examples which should not be 
construed as limiting. A modulator's ability to alter the aggregation of P-amyloid peptide in 
the assays described below are predictive of the modulator's ability to perform the same 
function in vivo . The contents of all references, patents and published patent aqp^lications 
1 5 cited throughout this application are hereby incorporated by refoence. 

EXAMPLE l ! Construction of P-Amyloid Modulators 

A p-amyloid modulator composed of an amino-temunally biotinylated p-amyloid 

20 peptide ofthe amino acid sequence: 

DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAHGLMVGGVV 
(positions 1 to 40 of SEQ ID NO: 1 ) was prepared by solid-phase pepdde synthesis ming an 
N«-9-fluorcnyhncthyloxycarbonyl (FMOQ-based protection strategy as follows. Starting 
with 2.5 mmoles of FMOC-Val-Wang resin, sequential additions of each amino acid were 

25 performed using a four-fold excess of protected amino acids. 1 -hydroxybcnzotriazole fHOBt) 
and diisopropyl cari)odiimide (DIC). Recouplings were performed when necessary as 
determined by ninhydrin testing ofthe resin after coupling. Each synthesis cycle was 
minimally described by a three minute deprotection (25 % piperidine/N-methyl-i^^Udone 
(NMP)), a 15 minute deprotection, five one minute NMP washes, a 60 minute coupling cycle. 

30 five NMP washes and a ninlQrdrin test To a 700 mg portion ofthe fiilly assembled peptide* 
resin, faiotin (obtained commercially from Molecular Probes, Iisc.) was substituted for an 
FMOC^amino add was coupled by the above protocol. The peptide was removed fiom the 
resin by treatment wiA trifluoroacedc acid (TFA) (82.5 %), water (5 %), tfaioanisole (5 %), 
phenol (5 %\ ethanedithiol (2.5 %) for two hours followed by precipitation ofthe peptide in 

35 cold ether. The solid was pelleted by centrifixgation (2400 rpm x 1 0 min.), and the ether 
decanted. It was resuspended in ether, peUeted and decanted a second time. The solid was 
dissolved in 10% acetic acid and tyophilized to dryness to yield 230 mg of crude biotinylated 
peptide. 60 mg of the solid was dissolved in 25 % acetonitrile (ACN) /0. 1 % TFA and 
q>pijed to a CI 8 reversed phase high perfomaance liquid chromatogr^hy (HPLC) column. 



Biotmyl Pi^^Mo ^ dutecl using a linear gradient of 30-45 % acetraitrile^O.l % TFA over 
40 minutes. One primary fiaction (4 mg) and several side fifactio The main 

fiacdon yielded a ma^ q)ectrum of 4556 (matrix-assisted laser desorpdon ionization -time of 
flight) which matches the theoretical (45S5) for this peptide. 
5 A P-amyloid modulator composed of an amino-tenninally biotinylated ^-amyloid 

peptide of die amino add sequence: 

DAEERHDSGYEVHHQ 
Qx»itionsltolSofSEQIDNO: 1) was prepared cm an Advanced OiemTech Model 396 
multiple pqnide ^mhesizier using an automated protocol established by die manufacturer for 

10 0.025 mmole scale syndiesis. Double couplings were performed on all cycles using 

2-(lH»benzoQria2oM-yI)-l»l»33-tetramethyluronium hexafluorophosphate (HBTUyNJ^- 
diisopropyletfaylanune (DI£A)/HOBt/FM0C-AA in four^fold excess for 30 minutes followed 
by DIC/HOBt/FMOC-AA in four^fold excess for 45 minutes. The peptide was deprotected 
and removed from the resin by treatment with TFA/water (95 Vo/5 %) for three hours and 

15 precipitated with ether as described above. The pellet was resuspended in 10 % acetic acid 
and lyophilized. The material was purified by a preparative HPLC using 1 5 %-40 % 
acetonitrile over 80 minutes on a Vydac CIS column (21 x 250 mm). The main isolate eluted 
as a single symmetrical peak when analyzed by analytical HPLC and jdelded the e^qpected 
molecular weight when analyzed by dectrosprsy mass spectrometry. Result 2052.6 (2052 

20 theoretical). 

P-amyloid modulator compounds comprismg other regions of the p-AP amino acid 
se<{uence (e.gi . an Ap aggregation core domain) were similariy prepared usir^ the syndiesis 
methods described above. Moreover^ modulators comprising other amyloidogenic peptides 
can be similarly prepared. 

25 

EXAMPLE 2: Inhibition of p-Amy loid Aggregation by Modulators 

The ability of (J-amyloid modulators to inhibit the aggregation of natural p-AP when 
amibined with the naniral p-AP was examined in a series of aggregatira a Natural p- 
30 AP (P-AP|^) was obtaiiied commercially iiomBachem (Torrance, CA). Amino-tenninally 
biotmylatedp-AP modulators were prepared as described in Example 1. 

A Optical Densitv Assay 

In one assay, p-AP aggregation was measured by determining the irscrease in turbidiQr 
35 of a solution of natural p-AP over time in the absence or presence of various concentrations 
of the modulator. Turbidity of tte solution was quantitated by determining the optical 
density at 400 run (A400 nm) of the solution over time. 

The aggregation of natural p-AP in the absence of modulator was determined as 
follows. p-AP|^Q was dissolved in hexafluoro isopropanol (HFIP; Aldrich Chemical Co., 
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Inc)at2ing^. AUquots oftheHFIP solution (87 )iO wire tiansfexiedM individual 1^ 
x7S mm test tubes. A stream of argon gas was passed through each tube to eviqjoiate the 
HFIP. To the resulting tiiin fflm of peptide, dimethylsulfbxide (DMSO; Aldricfa Chnnical 
Co^ Jnc) (25 pi) was added to dissolve the peptide. A 2 nan x 7 mm teflon-coaled magnetic 
5 stir bar was added to each tube. Buffer (475 pL of 100 mMNaCl, 10 mM sodium phosphate, 
pH 7.4) was added to the DMSO solution with stining. The resulting mixture was stirred 

continuously and die optiCBl deiisily was monitored at 400 imi to observe the fom 
insoluble pq>tide aggregates. 

Alternatively, p>APi.4o was dissolved in DMSO as described above at 

10 1.6 mM (6.9 mg/hU) and aUquots (25 |J)wBreadded to stirred buflEer (475 pi), followed by 
mmiitoring of absoibance at 400 mn. 

For inhibition studies in which a P-amyloid modulator was dissolved in solution 
together with the natural P-AP, the modulators were dissolved in DMSO eitter with or 
without prior dissolution in HFIP. These compounds were then added to buffer with stirring, 

15 followed by addition of P-AP,^ in DMSO. Alternatively, HFIP solutions of modulators 
were combined with p-AP]^ in HFIP followed by evaporation and redissolution of the 
mixture in DMSO. Buffer was then added to the DMSO solution to initiate the assay. The 
anuno-terminally hiotinylated Amyloid peptide modulators N-biotinyl-pAP,^ and N- 
biotmyl-pAPi.i5 w« tested at cancentrations of ! % and 5 % in the natural p-AP|^ 

20 s(rfution. 

A representative exan^leofdietesuhs is shown grq)hically in Figure 1, which 
depicts the inhibition of aggregation of natural p-AP,_4o by N-biotinyl-pAPi^o- In 
absence of the modulator, the optical density of the natural P-AP solution showed a 
characteristic sigmoidal curve, with a lag time prior to aggregation (approximately 3 hours in 
25 Figure 1) in w*ich the A400 nm was low , followed by r^id increase in the A400 nm^ which 
quickly reached a plateau level, representing aggregation of the naniral p amyloid peptides. 
In contrast, in the presence of as Uttle as 1 % of the N-biotinyl-pAPj^p modubtor, 
aggregation of the nanaal p amyloid peptides was markedly inhibited, indicated by an 

increase in the lag time, a decrease in the slope of aggregadon and a decrease m the plateau 
30 level reached for the tuibidityofthe solution (see Figure 1). N.biotinyl-PAP,^ata 
concentration of 5 % shnilatiy inhibited aggregation of the nannal p amyloid p^de. 
Furthermore, similar resuhs were observed vAten N-biotinyl'PAPi.15 was used as Ae 
modulator. These results demonstrate that an N-terminally biotmylated p-AP modulator can 
eflfectively inhibit the aggregation of moural p amyloid peptides, even when the natuiBl P 
35 amyloid peptides are present at as mudi as a 100-fold molar excess concentntton. 

B. Fluorescence \f<ipiy 

In a second ass^, P-AP aggregation was measured using a fluorometiic assay 
essentially as described m Levine, H. (1993) Protein Science 2:404-410. In this assay, the 
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dyeduoflaviseT(ThT)isooxitactedwiththeP-APso^^ Association of HiT with 
aggr^ated P*AP, but not nxmomeiic or loosely associated P-AP, gives lise to anew 
exdtatim (ex) maximtnnat 4S0 mn and an enhanced emission (em) at 482 nm, c<Hnpared to 
the 385 nm (ex) and 445 nm (em) for the free dye. ^AP aggregation was assayed by this 

5 method as follows* Aliquots (2*9 ^) of the solutions used in the aggregation assays as 
described above in section A were removed from the samples and diluted in 200 }ii of 
potassium phosphate bufiEiex (SO mM, pH 7.0) containing tiiioflavin T ( 1 0 |iM; obtained 
commercially fitmi Aldrich Oiemical Co., Inc.)- Excitation was set at 450 nm and emissioii 
was measured at 482 mn. Similar to the resuhs observed witii the optical density assay 

10 described above in section A, as littie as 1 %of tiieN-biotinylatedp^APmodulaUHSwas 
effective at inhibiting the aggregation of natural P amyloid peptides using this fluorometric 



C. p^tic AgRTPPation Asm 

IS In a third assay, AP aggregation was measured by visualization of the peptide 

aggregates using SDS-polyaciylamide gel electrophoresis (SDS-PAGE). In this assay, ^AP 
solutions were allowed to aggregate over a period of time and then aliquots of the reaction 
weie run on a stazKlazd SDS-PAGE gel. Typical solution conditions were 200 of ^AP|^ 
40 in PBS at 37 ""C for 8 days 200 P-AP 1^ in 0 J M sodium acetate at 3 7 ""C for 3 

20 days. The peptide aggregates were visualized by Cooniassie blue staixuiig of tiie gd or, for ^ 
AP solutions that tnchided a biotinylated p- AP modulate, 1^ western blotting of a fiher 
prepared fiom the gel with a stxeptavidm-peroxidase probe, followed by a standard 
peroxidase assay. The p-AP a^regates are identifiable as high molecular weight, low 
mobility bands on the gel, which are readily distingui^iable from the low molecular weight, 

25 high mobility P-AP monomer or dimer bands. 

When natural p-APj^o aggregation was assayed by this method in the absence of any 
P amyloid modulators, high molecular wei^t aggregates were readily detectable on the gel. 
In contrast, when N-biotinyl-P-AP]^ uKxiulator self-aggregation was assayed (Le., 
aggregation of die N-biotinyl pqnide alone, in the absence of any natural p*AP), few if any 

30 high molecular weight aggregates were observed, indicating that the abiUxy of the modulator 
to self-aggregate is significantiy reduced compared to natural p-AP. Finally, i^ien 
a^regatioD of a mixture of natural p-APj^ and N^biotinylated p-AP^^ was assayed by 
this metiiod, reduced fff^nimtg of the peptide nuxture associated into high molecular weight 
aggregates^ thus demonstrating that the P amyloid modulator is effective at inhibiting the 

35 aggregation of the nannalp amyloid peptides. 
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Neorotazidty Analysis of P-Amykid Modnlaton 

The neurotoxicity of the ^-amyloid modulators is tested in a cell-based assay using 
the neuronal precursor cell line PC-12, or primary neuronal cells, and the viability indicator 
3,(4,4-dimethylthiazol-2-yI)2,5-diphenyl-tetrazDlium bromide (MTT). (See Shearman, MS. 
et al. (1994) Proc NatL Acad ScL USA 21:1470-1474; Hansen, M.B. et al. (1989) J. Jmmtm. 
MeOiods il2:203-210). PC-12 is a rat adrenal jdieocfaitnnocytoma cell line and is available 
from the American Type Cuhure Collection, Rockville. MD (ATCC CRL 1721). MTT 
(commercially avalable from Sigma Chemical Co. ) is a chmmogenic substrate that is 
converted from ydlow to blue in viable cells, which can be detected spectrophotometrically. 

To test the neurotoxicity of a p-amyloid modulator (either alone or combined with 
natural ^AP), cells first are plated in 96-wcll pkies at 7,000-1 0,000 cellsAwell and allowed to 
adhere by oveniight cuhure at 37 "C. Serial dilutions of freshly dissolved or "aged" 
modulators (cither alone or combmed with natural |}-AP) in phosphate buffered saline (PBS) 
are added to the wells in triplicate and incubation is continued for two or more days, /^ed 
tnodulators are prepared by incubating an aqueous solution of the modulaair at 37 •C 
undistuibed for a prolonged period {e.g., five days or more). For the final two hours of 

oqsosure of the cells to the modulator preparation, MTT is added to the media to a final 
concentration of 1 mg/tel and incubation is continued at 37 Following die two hour 
incubation witii MTT, the media is removed and tiie cells are lysed in isopK>panol/0.4N HQ 
with agitation. An equal volume of PBS is added to each weU and die absorbance of each 
well at 570 nm is measured to quantitate viable cells. Alternatively, MTT is solubilized by 
addition of 50 % N,N-dimethyI fonnamide/20 % sodium dodecyl sulfate added directiy to the 
media in the weDs and viable ceUs are likewise quantitated by mcasuiing absorbance at 570 
nm. The relative neurotoxicity of a p-amyloid modulator (either alone or in combination 
with natural jJ-AP) is determined by conqjarison to natural P-AP alone {e.g., pl-40, pi-42), 
which exhibits neurotoxicity in tin's assay and tiius can serve as a positive control. 

Syntheses of Additional Modified 9-Amyloid Peptide Compounds 

In tins example, a series of modified p-APs, having a variety of iV-terminal or random 
side chain modifications were ^ntiiesized. 

A series of M-teiminally modified p-amyioid pqitides was syndiesized using standaid 
mefliods, Fully-jwotected resin-bound peptides corresponding to Ap(l-15) and Ap(l-40) 
were prepared as described in Example 1 on Wang resin to eventually affcad carboxyl 
temiinal peptide adds. Small portions of each peptide resin (1 3 and 20 jmioles, respectively) 
woe aiiquoted into die wdls of tiie reactiwi block of an Advanced ChemTcch Model 396 
Multiple Peptide Syntiiesizer. The iV-ienninal FMOC protecting groiq) of each sample was 
removed in die standard manner widi 25% piperidine in NMP followed by extensive washing 
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\vi& NMP.-Tbe uxxptotected TV^terminal a-amino Sfoap of each peptide*Tesin sample was 
modified using one of the following methods: 

Method A, coiq^ling of modifying reagents c(»itaimng free carboxyiic acid gioiq>5: 
The modifying reagent (five equivalents) was predissolved in NMP, DMSO or a mixtuie of 
5 these two solvents* HOBT and DIC (five equivalents of each reagent) were added to the 
dissolved modifier and ^ resulting solution was added to one equivalent of fiee*aniino 
peptide-resin. Coiq)iing was aUowed to proceed overnight, Mowed hywasl^ Ifa 
nmhydrin test on a anaU sanq>le of peptide-resin showed ttat coiq^^ 
coiq)liqg was repeated using 14iydioxy*7-azabenzotriazole (HOAt) in place of HOBt 

10 Method B, couplmg of modifirmg reMents obtained in preacthrated forms: The 

modifying reagent (five eqmvalents) was predissolved m NMP, DMSO or a mixture of these 
two solvents and added to one equivalent of peptide-resin. Diisopropylethylamine (DIEA; 
six equivalents) was added to the 5uq)ension of activated modifier and peptide-resin. 
Coupling was allowed to proceed overnight, followed by washing. Ifa ninbydrin test on a 

15 small sample of peptide-tesin showed that coi4)iing was not complete, the coupling was 
repeated. 

After the second coupling (if required) the ^-teiminally modified peptide-resins were 
dried at reduced pressure and cleaved from the resin widi removal of side-chain protecting 
gnxqis as described in Exanqile L Analytical reversed-phase HPLC was used to confirm Aat 

20 a major {xoduct was present in the resulting crude pqstides i^ch were purified using 
Millipore Sep-Pak cartridges or preparative reverse-phase HPLC. Mass spectrometry was 
used to confirm fte i»esence of the desired compound in the product. 

Method A was used to couple Macetylneununinic acid, cholic acid, transA^ 
cotininecarboxylic acid 2-imino-i-imidazolidineacetic acid, (SH->-indoline-2-carboxylic 

25 acid, (-)-mcnthoxyacctic acii 2-norboinaneaceric acid. roxo-S-acenaphthcnebutyric acid. 
(-)-2-oxo-4-thiazolidinecarboxylic acid» and tetrahydro-3-fmoic acid. Method B was used to 
coi^pie 2-iminobiotin-A^-hydroxysuccinimide ester, diethyleoetriamiiKpentaacetic 
dianhydride, 4-morpholinecarbonyl chloride, 2-thiopheneaceQrl chloride, and 2- 
thiophenesttUbnyl chloride. 

30 In a manner similar to the construction of iV^tenninally modified A|)(l-15) and Ap(l- 

40) pqnides desoibed above, //-fluoiesceinyl A|3(1-1S) and Ap(MO) were prepared in two 
alternative manners using the pieactivated reagents SAfioA 6)-carboxyfluorescein 
succinimidyl ester and fluorescein-5-isotiiiocyanate (FITC Isomer I). Both reagents were 
obtained fi!om Molecular Probes Inc. Couplings were perforaied using four equivalents of 

35 reagent per equivalent of pqptide-resin with DIEA added to make the reaction solution basic 
to wet pH paper. Coiqjlings of each reagent to AMM5)-resin appeared to be complete after a 
single overnight coupling. Onqoling to Ap(l-40)-resin was slower as indicated by a positive 
ninhydrin test and both reagents were recoupled to this peptide-resin overnight in 
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tetiabydrofuraD-NMP(l:2 vA^). The resuhingAr-teiminaUy modified pq^^ 
cleaved, deprutected and purified as described in Exan^le A. 

In addition to the iV-fluoiesceinyl AP peptides described above, a P-amyloid 
modulator craqmsed of random modification of A]Kt-40) vn± fluc»-escetn was prepared. 
S AjKl-40)purdhasedfiomBachem wasdissoh^inDMSOat^sprox^^ 5- 
(md-6>Caibo99fhiGre9cein jwcba^ from Molecular Probes was added in a LS molar 
excess and DIEA was added to make the solution basic to wet pH paper. Thezeactionwas 
allowed to proceed fi>r 1 bow at room tenq)erBture and was then quen^^ 
trietbanolamine« lie product was added to assays as this crude inixture. 
10 P-amyloid modulator compounds comprising other regions of the p-AP amino acid 

sequence (e.g., an Ap aggregation coxe domain) were similarly prepared using the synthesis 
methods described above. Moreover, modulators onnprising other amyloido^ic peptides 
can be similarly prepared 

1 S EXAMPLES: IdentificatiOD of Additional P-Amyloid Modulator? 

In this Example, two assays of Ap aggregation were used to identify P-amyloid 
modulators which can inhibit this process. 

The first assay is referred to as a seeded static assay (SS A) and was performed as 
20 follows: 

To prepare a soludon of Ap monomer, the api»opriate quantity of Ap(l-40) peptide 
(Bachem) was weighed om on a micro-balance (the amount was corrected for the amount of 
water in the preparation, wliich, depending on Jot number,. was 20-30% w/w). The peptide 
was dissolved in 1/25 vohime of diracthysulfoxide (DMSO), followed by water to 1/2 
25 volume and 1/2 volume 2x PBS (lOx PBS: NaCl 137 mM, KCI 2.7 mM Na2HP04 • 7H20 
4,3 mM. KH2PO4 1 A mM pH 7.2) to a final concemrstion of 200 fiM. 

To prepare a stock seed, 1 ml of the above AP monomer pre p arati on, was incubated 
fat 8 dqrs at 37 and sheared sequentially through an 1 8, 23, 26 and 30 gauge needle 25. 
25, 50, and 100 times req)ective]y* 2 fil san^>les of the sheared material was taken for 
30 fluorescence measmements after eveiy 50 passes through the 30 gauge needle until the 
fluorescence units (FU) hadplaleaued (apinox. 100-150x). 

To prepare a candidate inhibitor, the required amount of candidate inhibitor was 
weighed out and the stock dissolved in Ix PBS to afinal concratration of I mM (lOx stock). 
If insoluble, it was dissolved in 1/10 volume of DMSO and diluted in Ix PBS to 1 mM. A 
35 ftxrther l/IO dilution was also prepared to test each candidate at both 100 ^M and 10 pM. 

For the aggregation assay, each sample was set 141 in triplicate [50 ^1 of 200 |xM 
monomer, 125 FTJ sheared seed (variable quantity dependent on the batch of seed routinely 
3-6 ^l), 10 ^l of lOx inhibitor soluuoti, final volume made up to 100 ^1 with Ix PBS]. Two 
concentrations of each inhibitor were tested 100 |iM and 10 (iM, equivalent to a 1:1 and a 
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1: 10 molar ratio of inonoiiier to iiifaibit^ The controls included an imsecded reaction to 
confirm that the fiesh monomer contained no seed* and a seeded reaction in the absence of 
inhibitor, as a reference to compare against putative inhibitors. The assay was incubated at 
37 ""C for 6 h,takmg 2 1^ samples hottily for fluorescence measuremez^ Tomeasure 
5 fluorescence, a 2 ^1 san^le of Ap was added to 400 ^1 of Thioflavin-T sohition (SO mM 
Potassium Pho^>faate 10 mM Thioflavin-T pH 7.5). The san^Ies were vortexed and the 
fluoresccpcft was read in a 0.S ml micro quartz cuvette at EX 450 nm and EM 482 nm 
(Hitachi 4500 nuorimeter). ^-aggregation results in enhanced emission of Thioilavin-T. 
Accordii^y, sanq»les including an effective inhibitor conqKnmd exhibit reduced emission as 
10 conjured to coiitroi samples without die inhibitor cooqMimd 

The second assay is re&ned to as a shaken plate aggregation assay and was perfimned 
as fellows: 

AP(I-40) peptide fix}m Bachem (Toirance, CA) was dissolved in HFIP (UM3»3*3- 

15 HexafIuoro-2-propanol; Aldrich 10.522-8) at a concentration of 2 mg peptide/ml and incubated 
at room temperature for 30 min. HFIP solubilized peptide was sonicated in a waterbath 
sonicator for Smin at higliest setting, then evaporated to dryness under a stream of The 
pepdde film was resuspended in anhydrous dimethylsuifoxide (DMSO) at a concentration of 
6.9 mgfml^ sonicated for 5 min as befine, then filtered through a 02 micron nylon syringe filter 

20 (VWR cat No. 28196-050). Candidate inhibitxxs were dissolved directly in DMSO, generally 
at a molar concentration 4 times that of the AP(l-40) peptide. 

Candidates were assayed in triplicate. Foreach candidatetobetested, 4 parts Ap( 1-40) 
peptide in DMSO were combined with 1 part candidate inhibitor in DMSO in a glass vial, and 
mixed to produce a 1 : 1 molar ratio of Ap peptide to candidate. For different molar ratios, 

25 candidates were diluted with DMSO prior to addition to Ap( MO), in order to keep the final 
DMSO and A^(l-40) concerraations constant. Into an ultra low binding 96 well plate (Coming 
Costar cat No. 2500, Cambridge MA) 100 jil PTL buffer (150 mM NaCl 10 mM NaH2P04; 
pH 7.4) was aliquotted per well. For each candidate. 1 0 )il of peptide mixture in DMSO was 
aliquotted into each of three wells containing bufifer. The covered plate was vigorously 

30 vortexed on a plate shaker at high speed for 30 seconds. An additional 100 (il of PTL buffer 
wasaddedtoeach well and ^ain the plate was vortexed vigcnously for 30 sec. Absorbanceat 
405 nm was immediately read in a plate reader for a baseline reading. The plate was returned 
to the plate shaker and vortexed at moderate speed for 5 hours at mom tenqperature, witti 
absorbance readings taken at 15-20 min intervals. Inmased absorbance indicated s^ggregatiorL 

35 Accoidhigly, effective iidiibitor compounds cause a decrease in absorbance in the test sample 
as compared to a control sample without the inhibitor compound* 



Representative results of the static seeded assay and shaken plate assay with preferred 
^•amyioid modulators are shown below in Table L 
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TABLE I 



Candidata 

iiiriiDiH#r 


Amino 
Acioa 


j ModHying ^ Effect in 
r RMgent srakenplaie 
1 assay 


Effect In 1 
Seeded Static i 
Aasay* j 


174 


A31-15 


Cholic add • Comptete 
j inhibition at 
100%ocmc 


++ 


176 


A31.15 


Diethylene- i Decnea^ 
triamine penta ; Ptateau 
acstic acid 1 


++ ! 

! 

] 


1«0 j ApM5 

1 


j (-)-Menthoxy ; Nona 
acetic add | 


++ 

i 


190 Apl-15 

■■ 


Fluorescein Decreased 
cartDOxylic add Plateau 
(RCO) j 


++ 


220 AP16-40 
mutant 


h-EVHHHHQQK- Complete '~ 
IA3(1&40}}-OH inhibitronat 
} 100%, increarad 
lagatlO% 


++ 


224 ' Apl^O 
mutant 


! Increased lag 

1 


++ 

i 


I 1 
233 A6P-20 ' 

■ . 1. 


1 accelerated 1 
Acetic add ; aggregation at 
10% cone ' 

i 1 


++ 



= A Strong inhibitor of aggregation. The rate of aggregation in the 

prssenoe of the irtfiibitor was decreased compared to the control 
at least 30-50% 



These results indicate that ^-APs modified by a wide variety of N-teraiiiial modifying 
groiqis are effective at modulating p<amyloid aggregadon. 

EXAMPLE 6; Additional P-Amyloid Aggregation Assays 

Most preferably, the abOity of p-amyloid modulator compounds to modulate (e.^. , 
inhibit or promote) the aggregation of nanoal p-AP wben combined wifli die natural p-AP is 
examined in one or both of die aggregadon assays described bdow. Nannal p-AP 0-AP,^o) 
for use in die aggregadon assays is commercially available fiom Bacbem (Tonance, CA). 

A. Nucleation Asmy 

The nucleation assay is employed to deteimine die abili^ of test compounds to alta- 
ie.g. inhibit) die early events in formation of P-AP fibos fiom monomelic p-AP. 
Characteristic of a nucleated polymerization mechanism, a lag time is observed ptim to 
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mtcleation, sAer which the peptide lapidly fionns fibers as xefiecied in a linear rise in 
turbidity. The time delay before polymerization of ^-AP monomer can be quantified as well 
as the extent offormationofinsoluble fiber by light scattering (tuiUdit^ Polymerization 
rrarhrs ggnilifrriiTm whm thff ipfl x'"™^ tmhidity readies a plateau. Tlie turbidity of a 
S solution of natural ^AP in the absence or presence of various concentrati(»i$ of a ^amyloid 
modulator compound is determined by measuring the apparent absorbance of the solutim at 
40Snm(A405iini) over time. The thxesholdofsensrtivi^ for die measurement of turi^^ 
in the range of 15*20 fiMP-AP. A decrease in turbidity over time in the imsence of the 
modulator^ as com p a red to the tuifaidiQr in the absence of the modulator^ indicates that the 
10 modulator inhibits formation of P-AP fibers fiom monomeric p*AP. This assay can be 

perfumed using stirring or shaking to accelerate polymerization, tfneby increasing the speed 
ofthe assay. Moreover the assay can be adapted to a 96-weU plate format to screen multqde 
compounds. 

To perform the nucleation assay, first AP peptide is dissolved in HFDP 

15 { M , 1 ,3,33-Hexafliioro-2-pn)panol; Aldrich 1 0.522-8) at a concentration of 2 mg peptide/ml 
and incubated at room te mp erature for 30 min. HFIP-solubilized peptide is sonicated in a 
waterbath sonicator for S min at highest settiiig^ then evaporated to dryness under a stream of 
argon. Tlie peptide film is resuspended in anhydrous dimethylsulioxide (DM 
concentration of 6.9 mgteil (2Sx omcentcation), sonicated for 5 min as before, then filtered 

20 through a Oiinicnm nylon syririge filter (VWR cat No. 28196*050). Test compounds are 
dissolved in DMSO at a 1 OOx concentration. Four volumes of 2Sx AP|^ peptide in DMSO 
are combined with one volume of test compound in DMSO in a glass viaL and mixed to 
produce a 1 : 1 molar ratio of Ap peptide to test compound. For different molar ratios, test 
compounds are diluted with DMSO prior to addition to Ap ^^q, in order to keep the final 

25 DMSO and Ap|^ concentrations constant. Control samples do not contain the test 

compound Ten microliters of the mixture is then added to the bottom of a well of a Coming 
Costar ultra low binding 96*well plate (Coming Costar, Cambridge MA; cat No. 2500). 
Ninety microliters of water is added to the well, the plate is shaken on a rotary shaken at a 
constant speed at room temperature for 30 seconds, an additional 100 |il of 2x PTL buffer (20 

30 mM NaH2P04, 300 mM NaCl, pH 7.4} is added to the well, the plate is resbaken for 30 

seconds and a baseline (jpO) turbidity reading is taken by measuring the ^iparent absmbance 
at 405 nmusit^ a Bio-Rad Model 450 Micrc^late Reader. The plate is then returned to the 
shaker and shaken continuously for 5 hours. Turtndi^ readings are taken at 13 nunute 
intervals. 

35 P-amylotd aggregation in the absence of any modulators results in enhanced turbidity 

ofthe natural p-AP solution {Le.^ an increase in the apparent absorbance at 405 run over 
time). Accordingly, a solution including an effective inhibitory modulator compound 
exhibits reduced turbidity as compared to the control sample without the modulator 
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compound (fce. Jess qqwem ahsorbance at 406 nm over 
san^Ie). 



10 



15 



20 



B. Seeded Extensinp A^^jy 

TTie seeded extaisi<ni assay can be eiiq>loyed to measure the rale of Ap fiber formed 
in a sohitioD of Ap monomer following addition of polymeric AP fiber "seed". The ability of 

test confounds 10 {neveot fintfaer dqiosition of monomelic AP to previously dqx>s^ 
amyloid is determined using a direct indicator of p^aheet fimnarion uaing fliiwnwftfn rf In 
contrast with the nudeadon assay, the addition of seed provides immivi,-ff T,> nudeation and 
continued growth of prefbnned fibrils without the need for continuous mixii^ and thns 
results in the absence ofa lag time before polymerization starts. Since this assqr uses static 
polymerization conditions, the activity of positive compounds in the nudeation assay can be 
confiimed in this second assinr under dififereitt conditions and with an additional probe of 
amyloid structure. 

In the seeded extension assay, monomeric Apj^ is mcubatcd in the presence of a 
"seed" nucleus (qjproximately ten mole percent of Ap that has been previously allowed to 
polymerize under controlled static conditions). Samples of the solution are tiien diluted in 
thioflavinT(Th.T). Hie polymer-specific association oflTi-T with Ap produces a 
fluorescem complex tiiat tHiows tije measuremem of tiie extent of fibril ibmution (Levine, R 
(1993) Protein Science 2:404^10). In particular, association of Th-T witii aggregated P-AP, 
but not monomeric or loosely associated P-AP, gives rise to a new excitation (ex) maximnm 
at 450 nm and an enhanced emission (em) at 482 nm, compared to die 385 nm (ex) and 445 
nm (em) for die free dye. Small aliquots of tiie polymerization mixmie contain suffideat 
fibril to be mixed witii Th-T to allow the monitoring of die reaction mixture by repeated 
25 sampling. A linear giowtii curve is observed in die presence of excess monomer. The 

formation of tiiioflavin T responsive p-sheet fibrils panUds tiie incmse in turi>idiiy observed 
using the nudeation assay. 

A solution of Ap monomer for use in die seeded exteiisicm assay is prepared by 
dissolving an appropriate quantity of APi^o peptide in 1/25 vohmte of dimediysulfoxide 
30 (DMSO), followed by water to 1/2 volume and 1/2 volume 2x PBS (lOx PBS: NaCI 137 mM, 
KCl 2.7 mM Na2HP04 • 7H20 4.3 mM, KH2PO4 1.4 mM pH 72) to a final concentration 
of200jiM. To prepare die stock seed, 1ml of the Apmoajmerpiqwation, is incubated for 
^jproximately S days at 37 °C and sheared sequentially dirough an 18, 23, 26 and 30 gai^ 
needle 25, 25, 50, and 100 times respectively. 2 ^1 samples of the sheared material is f*^*^ 

for fluorescence measurements after every 50 passes tiuough the 30 gauge needle until the 
fluorescence units (FU) plateau (approx. 100-150x). Test compounds are prepared by 
dissolving an ^jpropriate amount of test compound in Ix PBS to a final concentration of 1 
mM (lOx stock). If insoluble. ti»e compound is dissolved in 1/10 volume of DMSO and 



35 



W096QI471 PCT/IJS9fi«3«tt 

dilnted in Ix to 1 mM. A further 1/10 dilmton is also prqnzed to test each candidate 

botfalOOitMandlOfiM. 

To peiform the seeded extension assay, eadi sanqde is set tq> SO ^l of 200 |iM 

monomer, 125 FU sheared seed (a variable quanti^ dependent on the batdi of seed, routinely 
S 3-6 |il) and 10 ^1 of lOx modulatoT solution. The sample volume is then aci^Qsted to a final 

volume of 100 ^1 with 1 x PBS. Two concentrations of each modulator typically are tested: 

100 (iM and 10 ^M, equivalent to a 1:1 and a 1:10 molar ratio of nK)nomer to modulator. 

The controls include an unseeded reaction to confirm diat the fiesh monomer contains no 

seed, and a seeded reaction in the absence of any modulators, as a reference to compare 
10 against candidate modulators. The assay is incubaied at 37 for 6 h. taking 2 fil samples 

hourly for fluorescence measurements. To measure flumscence, a 2 pi san^)le of Ap is 

added to 400 fil of Thiofiavin-T solution (SO mM Po^ssium Phosphate 10 mM Thioflavin-T 

pH7.S). The samples are vortexed and the fluorescence is read in a O.S ml micro quartz 

cuvette at EX 450 nm and EM 482 nm (Hitachi 4500 Fluoiime^). 
15 p-amyloid aggregation results in enhanced emission of Thioflavin-T. Accordingly, 

samples incliiding an effective inhibitory modulator compound exhibit reduced emission as 

compared to control samples without the modulator compound. 

EXAMPLE 7! Effect of Different Amino Add Sobrcgioiis of Ap Peptide on the 
20 Inhibitory Activity of P-Amyioid Modulatar Componnds 

To determine &e effect of various siibregions of AP|^ on the inhibitory activtQr of a 
a p*amyloid modulator, overlapping AP peptide ISmers were constructed For each 1 5mer, 
four different amino-terminal modifiers were tested: a cholyl group, an imiiK>biotinyl group, 
25 an N-acetyl neuraminyl group (NANA) and a 5-(and e^Hrarboxyfluoresceinyl group (PICO). 
The modulators were evaluated in the nucleation and seeded extension assays described in 
Example 6. 

The results of the nucleation assiys are summarized below in Table II. The 
concentration of Api^ used in the assays y/3s SO tiM. The '*mo}e value listed in TaMe II 

30 refers to the % concentr^on of the test compound reladve to APi^q. Accordingly, 1 00% 
indicatesthat Ap]^0 and the test compound were equimolar. Mole% values less than 100% 
indicate that was in molar excess relative to the test compound (e.g:, 10% indicates 
that Ap]^ was in 10-fold molar excess relative to the test compound). The results of the 
nucleadon assays for eadi test ccmipotmd are presented m Table n in two ways. The "fold 

35 increase in lag time**, which is a measure of the ability of the compound to delay the onset of 
aggregation, refers to the ratio of the observed lag time in the presence of the test compound 
to the observed lag time in the control without the test compound. Accordingly a fold 
increase in lag time of 1 .0 indicates no change in lag time, whereas numbers > 1 .0 indicate an 
increase in lag time. The "% inhibition of plateau'\ which is a measure of the ability of the 
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Gompomd te decrease the total amount of aggr^adcm, refete to the icduction of the final 
tuxiridity in the presence of the test compound expressed as apercent of the control without 
the test com|X)und. Accordingly, an inhibitor that abolishes aggregation during the course of 
the assay will have a % inhibiti<m of 100. N-terminally modified Aj) subr^ons which 
S exhibited inhibitory activiQr are indicated in bold in Table II. 



Table n 



Reference* 


N-tmninal 
Modification 


APPfptjde 


MoIeVo 


FoldJnotBse 




of Plateau 


PPI-174 


chotyl 




100 


>4.5 


100 


PPI-264 


cholyi 




100 


>4^ 


100 


PPI-269 


diolyl 




100 


1.5 


~0 


PPI-274 


cbolyl 




100 


>4£ 


100 


PPI-279 


cholyi 




100 


1.6 


51 


PPI-2S4 


choiyl 




100 


>4^ 


87 














PPI-173 


NANA 


APi.15 


100 


~1 


~0 


PPI-266 


NANA 




100 


13 


64 


PPI-271 


NANA 


APll-25 


100 


13 


77 


PPI-276 


NANA 


AP16.30 


100 * 


~1 


-0 


PPI-281 


NANA 


AP2I.35 


too 


-1 


S3 


PPI-286 


NANA 


Ap24MO 


100 


IJ 


~0 














PPM72 


Iminotnotinyl 




100 


12 


-0 


PPI-267 


Iminobiotinyl 


APe.20 


100 


1.6 


44 


PPI-272 


Iminobiotinyl 


AP11.2S 


100 


1.2 


40 


PPI-277 


Iminobiotinyl 




100 


13. 


55 


PPI-282 


Imindnotioyl 


Afe,.35 


100 


-1 


66 


PPI-287 


Imindnotiny] 




100 


2.3 


-0 














PPI-190 


FICO 


APi-if 


100 


~I 


30 


PPI-268 


FICO 


AP6-20 


100 


1.9 


-0 


PPI-273 


ncx) 


APli.25 


100 


1.7 


34 


PPI-278 


FICO 


AP16.30 


100 


1.6 


59 


PPI-283 


FICX) 


AP21.3S 


100 


1.2 


25 


PPI-288 


FICO 


APift^ 


100 


2 


75 



These results indicate that certain subregions of Ap 1^0, when modified with an 
appropriate modifying group, are effective at inhibiting the aggregation of Api^Q. A cholyi 
groiq> was an effective modifying group fcM- several subregion^^ Cholic acid alone was tested 
for inhibitory activity but had no effect on Ap aggregation. The AP5.20 subregion exhibited 
hi^ levels of mhibitory activity when modified with several diffisrent modifying groups 
(cholyi, NANA iminobiotinyl), with cholyl-Ap5.20 (PPI-264) being the most active fonn. 
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AccQnfingljTt this moduUKto compound was chosen for fiuther analysis, described in 
Exsniple 8. 

EXAMPLE 8! Identification of a Five Amino Acid Subregion of A^ Peptide 
5 SufBesMt for Iniiibitory Actifvity of a P*Amyloid Modnhtor Compound 



To further delineate a mimmal subregion of cboIyl-AP5^20 sufficient for xnhibttoiy 
activity, a series of amiiK) tenninal and carboxy terminal amino add deletions of cholyl- 
A^6.20 ^'^^ ^I'stnicted* The modulators aU bad the same cholylamino*teiminai 
10 modification. AddhioiialIy,f€»r the pepdde series having carboxy lensiinaldele^^ 

carboxy terminus was further modified to an aznide. The modulators were evaluated as 
described m Exaxnple 7 and the results are summarized below in Table ni, 
presented as described in Exaaqde 7. 



15 Table m 





N-Tenn. 




C-Tenn. 




Fold increase 


% Inhibition 


Ref.# 


Mod. 


ABPeotide 


Mod. 


Mole% 


in Lm Time 


ofHaem 


PPI-264 


eholyl 






100 




100 










10 


2 


43 


PPI-341 


cholyl 


AP7.20 




100 


>4jS 


100 










33 


2 


~0 


PPI-342 


cholyl 


AP8.20 




100 


1^ 


-0 










33 


2.1 




PPI-343 


cholyi 






33 


2.0 


~0 


PPI-344 


cholyl 


APl(j-20 




33 


2.1 


-0 


PPI.34S 


cholyl 






33 


1.5 


-0 


PPI-346 


cholyl 






33 


2.1 


-0 


PPI-347 


cholyl 


AP13-20 




33 


2.6 


-0 


PPI-348 


cholyl 


^14-» 




33 


2.0 


49 


PPI-349 


cholyl 


AP|5.2^ 




33 


23 


50 


PPI-350 


cholyl 


APi<.20 


m 


38 


3.4 


23 
















PPI-296 


cholyl 


Ap6-20 


amide 


33 


1.8 


-0 


PPI-321 


cholyl 


AP6.19 


3iQidc 


33 


1.4 


~0 


PPI-325 


cholyl 


APfi.!? 


smidc 


33 


1.8 


~0 


PPI-331 


cholyl 


AP6-I4 


amide 


33 


1.0 


29 


PPI.339 


cholyl 


AP6.10 


amide 


33 


1.1 


13 



These results indicate tbat activity of the modulator is maintained v/bcn amino acid 
residue 6 is removed from die amino temunal end of the modulator (i.e., cholyl-Ap7.20 
retained acdvity) but activity is lost as the peptide is deleted fimber at the amino-terminal end 
20 by removal of amino add position 7 through to amino acid position 12 (Le.. cholyl*AP8.2o 
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flnough cbofyl-AP 13.20 did iiihi1»t tbe plateau level of aggteg&tion). Ho^vever, fiirttier 
deletion of amino acid position 13 resulted b a compound (ie., cliolyl-Api4.2o) in winch 
iahiWtoiy activity is restored. Furtiiemiore, additional deletion of amino acid position 14 
(i.e.. cholyI-Api5.2o) or positions 14 and 15 (Le., cholyl-Api^-io) still maintained inhiWtoiy 
activity. Thus, amino terminal deletions of A^^o identified APi^20 as a minimal subrcgion 
«*ich is suflSdemfe inhiWtoiy activity iirfienqjpropriately modified Id eontnut, carb(»ty 
tenoinal deletion of amino add position 20 resulted m loss of activity which was not fully 
restored as tiie peptide was deleted fbrtber at die carboxy-tetnunal end. Thus, maintenance of 
position 20 widun tile niodulatOT inay be impoitam for inlubitoty activity. 

BMMP^Ey; IdentificatioB ofa Four AnlBo Add Subr^on of AP Peptide 

SvfiBcieBt for Inhibitoiy Activity of a p-Amylold Modulator Compoond 

In this example, tiie smallest eflFecrive modulator Identified in the studies described in 
Example 8. cholyl-Ap,6.2o (PPI-350), was analyzed ftrther. Additional amino- and carboxy- 
temiinal deletions were made with choIyl-Ap,5.2o, as weU as an amino acid substimrion 
(Valig->nir), to identify tiie smallest region sufiSdent for the inhibitory activity of the 
modulator. A pqjtidecooqnisedof five alanme residues, (Ala)5,niodified at its amino- 
tenaiinuswitiicholicadd,wasusedasaspecifidtyooiitroL The modulators were evaluated 
as described mExanqtie 7 and tiie results are summanzed below in Table IV, wiiereintiie 
data is presented as described in Example 7. 



Table IV 



Ref.# 


N-Tenn. 
Mod, 


A6 Peotide 


C-Teim. 
Mod. 


M9le% 


Fold IncKBse 
ip ItKTIme 




of Wateau 


PPl-264 


chofyl 


Ap6.M 




10 


2.0 


43 


PPI-347 


chotyl 


APl3.20 




10 


Z2 


57 


PPl-349 


cbotyl 


AP15.20 




100 


>5.0 


100 










33 


16 


35 










10 


2.1 




PPI>350 


chotyl 






100 


>5,0 


100 










10 


2.4 


40 


PPI-368 


chotyi 


APi7.2i 




100 


>5.0 


100 


FPI-374 


imino- 
biotinyl 






100 


13 


86 


PPI-366 


cholyl 


AP15.I9 




100 


3.1 


-0 










10 


1.6 




PPI-369 


cholyl 


AP16.2O 

(Va]ir.>Thr) 




100 


-1 


-0 


PPI-370 


chotyl 


(Phe]9->Ala) 




100 


Z6 


73 


PPI-365 


cholyl 1 (Ala)s 




100 


~1 


~0 
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PPI-319 


-cholyl 




amide 


33 


SJb 


Ml 










10 


2.7 


~0 


PPI-321 


diolyl 


AP16.19 


amide 


100 


12 




PPI-377 








100 


-1 





As sbown in TaUe IV. dioIyl-APi6.2o (PPI-350) aod cholyI-Api7.2i (PPI-368) both 
exhibited infaibitoiy activity, indtn^^g that tlie four-amino add mimmal subregion of 
poatiwis 17-20 is suflBcient for inhibitory activity. Loss of positicm 20 {eg., in PPI-366 and 

5 PPI-321) resulted in loss of inhibitory activity, danonstradng &e importance of position 20. 
Moreover, mutation of valine at position 1 8 to threonine (in PPI-369) also resulted in loss of 
activiQr, demonstrating die inqiortance of position 1 8. In contrast, mutation of {tenyialanine 
a position 1 9 to alanine (choIyl-Api^20 Phei9->Ala; PPI-370) resulted in a compound 
^ch sdll retained detectable inhiUtcny activity. Accordingly, the phenylalanine at position 

10 19 is mofcameiiable to sttbsdmtion, preferably vdth another hydrojdwinc amino aci^ 

Cholyl-penta-alamne (PPI-36S) showed no inhibitoiy activity, demonstrsting the specificity 
of die Ap peptide portion of the modulator. Moreover, unmodified APi^20 (PPI-377) was 
not inhibitoiy, demoostiating the finctioiud importance of the amino-temiinal modifying 
group. The ^jedfic functional groiqj influenced the activity of the modulator. For example, 

15 iminobiotinyl-Ap 16.20 (PPI-374) exhibited inhibitory activity similar to cholyl-Api5.20» 
wtereas an N-acetyl neuraminic acid (NANA)-modified APi^20 was not an effective 
inhibitoiy modulator (not listed in Table IV). A C-terminal amide derivative of cholyl-Api^. 
20 (PPI-3 1 9) retained high activity in delaying tiie lag time of aggregation, indicating tiiat the 
caiboxy-terminus of the modulator can be derivatized witiiout loss of iohilNtory activity. 

20 Although this amide-derivatized compound did not inhibit die overall plateau level of 

aggregation over time, the compound was not tested at concentrations lugher than mole 33 %. 
Higher ooncennations of die amideHlerivatized compound are predicted to inhibit die overall 
plateau level of aggregation, similar to diolyl-Api6.20 (PPI-3S0). 



25 EXAMPLE 10; Effect of p-Amyloid Modulators on the Neurotoxicity 

of Natural p-Amylold Peptide Aggresates 



The neurotoxicity of natural P-amyloid peptide aggregates, in dthw the presence or 
absence of a p-amyloid modulator, is tested m a cell-based assay using eitiier a lat or human 

30 neurxmally-dcrived cell line (PC.12 cells or NT-2 cells, leqjectively) and the viability 
indicator 3,(4,4<^edi]ddiia2»l-2-^)2,S-diidieity]-tettazolium bronude (NfTT). (See e.g., 
Sheaiman. M.S. et aL (1994) Proe. Natl. Acad Sci USA 21:1470-1474; Hansen. M3. ei aL 
(1989) /. Immun. Methods 112:203-210 fiw a description of similar cell-based viability 
assays). PC-12 is a lat adrenal pheodiromocytorna cell line and is available from the 

35 American Type Culnae Collection, Rodcville, MD (ATCC CRL 1721). MTT (commerciaUy 
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(A 

anraOable fim Sigma Oumical C^O is a dnomogenic su^^ 
to blue in viable cells, wludi can be detected qpectnqdiotom^ 

To test die neurotoxictty of natural ^-amyloid pqitides, stock solutions of fiesh Ap 
monomers and aged Apaggn^ates were first prepared. A^x^rnXWYitDMSOym 
prepared fi<Mn lyofAilized powder and immediatdy diluted in one half die find volume m 
H2O and liten one half die final volume in 2X PBS so dtat a final concentration of 200 fiM 
pq>ilde,4%DMS0isadiieved. Peptide prepared m this w^r and tested immediately on 
cells is refined to as "fissh"AP monomer. To ^q»re "aged" Apa^iegatts, peptide 
sohition was placed in a LS ml Eppodoif tube and incubated at 37 **C for days to allow 
fihrilstofomt Such "aged" peptide can be tested direcdy on cells or fiozen at 
•80°C. The neurotoxicity offieshmcmomers and aged aggregates were tested using PC12 
and NT2 cells. PC12 cells were routinely cultured in DuHwco's modified Eagle's medium 
(DMEM) containing 10% horse sertim, 5% fetal calf serum, 4mM glutamine, and \% 
gentamydn. NT2 cells were routinely culnired in OPTI-MEM medium (GIBCO BRL CAT. 
#31985) supplemented with 10% fetal calf senmi, 2 mM glutamine and 1% gentamycin. 
Cells were plated at 10-15,000 cells per well in 90 of fiesh medium in a 96 -well tissue 
culnue plate 3-4 hows prior to treatment The fiesh or aged Ap peptide solutions (I OjiL) 
were dien diluted 1:10 directiy into tissue culture medium so that tiie final concoitration was 
intherangeof l>10|iMpq]tide. Cells are incubated in die presence ofpeptide without a 
change in media fiv 48 hours at 37>C. Fot die final dsee hours ofoqposuieofdie cells to die 
P-AP prqiaration,MTT was added to the media to a final concentration of 1 mg^and 
incubation was continued at 37 °C. Following die two hour mcubation widi MTF, die media 
was removed and die cells were lysed in 100 \iL isopropanol/0.4N HCl widi agitation. An 
equal vohmie of PBS was added to each wdl and die phoes were agitated for an additional 10 

minutes. Absorbance of each well at 570 nm was measured using a microtittr plate reader to 
quantitate viable cells. 

nie neurotoxicity of aged (5 d^ or 8 da^) APi^ aggregates alone, but not fiesh 

AP]^o numoiners alone, was confirmed in an ejqieriment the results of which are shown in 
F^ure 3, which demonstrates that incubatii^ the neumial cells widi increasing amounts of 

fi«sh APi^ monomers was not significantly toxic to the cells whereas incubating the cdls 
widi inoeasmg amounts of 5 day or 8 day Ap I ^ aggregates led to increasmg amount of 
neurotoxidty. The EC50 fat taaaiaxy of aged Api^ a^gates was 1-2 for bodi die 
PC12 cells and die NT2 cdls. 

To determine the effect of a P-amyloid modulator compound on die iKuroU}xid^ of 
Api^ aggregates, a modulator compound, cholyl-Ap^o {PPI-264), was prdncubated widi 
APi^Q roonmners under standard nucieation assi^ conditions as deambed in Example 6 and 
at particular tinw intervals post-incubation, aliquots of die p-AP/modulator solution were 
removed and 1) the turfaidiQr of the solution was assessed as a measure of aggregation and 2) 
die solution was iqfiplied to cultured neurond cells fi>r 48 hours at which time cell viabiliQr 
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wasassessed-usijsgNfTTlodelaimDedieiieur^ The tesults of tbe 

turbidity analysis are sliovm in Figure 4, pan^ InprnlAi^A^i^andtiiolyi' 
^(.20^vere^I«s»t^^P^I- IiipaneiB,APMo^I»^^^^30MMandcholyl- 
AP6.20 ^ present at 64 ^iM. In panel C APi^ was present at 10 jiM and choIyl-AP5.2a 
5 was present at 64 |xM. These data show tliat an equiniolar amount of diol)i-Ap6.2o is 
effective at inhibiting aggregation of Ap|^ (see Figure 4, panel A) andtiiat as^ 
Goncatian(Hi of A^i^ is reduced, the antount of detectable aggregation of dse A^t^ 
nionomer is ccMmspondingly reduced (compare Figure 4» panels The 
croresponding results of tiie neurotoxicity analysis are shown in Figure 4, panels E, and F. 

10 These results drmoastratp that ftp p-amyloid mf>d^iTft!^ gftmpmmd nnt nnly inhihitft 

aggregation of AP|^ mixiomers but also inhibits the neuiotoxici^ of the Ap|^ solution, 
iUustrated by the reduced pereenttoxid^ of the celb ^^iien inc^ 
APi^moduIatcff sohition as co mpar ed to AP)^ alone (see e.g.^ Figure 4, panel D). 
Moreover, even when AP|^ aggregation was not detectable as measured by light scattering, 

IS the modulator compound inhibited the neurotoxicity of the A^i^ solution (see Figure 4, 
panels E and F). Thus, tbe formation of neuratoxic AP]^ aggregates precedes the formation 
of insoluble aggregates detectable by light scattering and the modulator compound is 
efiBxtive at tnhiUting the inhibiting the formation and/or activity of these neurotoxic 
aggregates. Similar results were seen with other nK>dulator compounds, suc^ 

20 iniinobiorinyl-AP5.20 (PK-267), cholyl-Ap|6-20 (PPI-350) and cholyl-APi^o-aniide (PPI- 
319). 

Additionally, tiie P-amyloid modulator compounds have been demonstrated to reduce 
the neurotoxicity ofpiefonnedApi^ aggregates. In these experiments, Api^ aggregates 
were prefomoed by incubation of the moncmiers in the absoice of any modulators. The 

25 modulator compound was thai incubated with tbe prefomied Ap aggregates for 24 hours 
at 37 ^C, after v4iich time the P*AP/modulator solution was collected and its neurotoxicity 
evaluated as described above. Incubation of prefonned AP]^ aggregates with tbe modulator 
compound prior to applying the solution to neuronal cells resulted in a decrease in the 
neurotoxicity of the AP]^ solutioa These results surest Aat the modulator can either bind 

30 to Ap fibrils or soluble aggr^ate and modulate their inherent neupotosdd 

modulator can perturb tiie equilibrium between monomeric and aggregated fonns of Api^p 
in fiivor of the non-neurotoxic fimn. 



EXAMPLE ll! CharmrteriEstion of Additional P-Amyioid Modulator Compounds 

In this example, additional moddAoi contqxKmds designed based upon amino acids 
17-20 of AP, LVFF (identified in Example 9), were prepared and analyzed to further 
deUneate the structural feature nec^saiy for inhibition of P-amyloid ^gregation. Types of 
compounds analyzed included ones having only three amino acid residues of an Ap 
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8^regatioit«ore domain, conqjoiiods in vMoh. the amino add residues of an AP aggregation 
cote domain were leaxranged or in v^ch amino acid substitutions had been made, 
compounds modified with a caiboxy-tenninal modifying groi;q> and compounds in which the 
modifying gnnq) had been daivadzed. Abbreviations used in this exaxi9>le are: h-(fiee 
5 amino tenninus), -oh (firee carboxylic acid teimmus), -jiki (amide temiinus), CA (diolyl, tiie 
acyl portion of dwlic add), NANA (A^-ace^l neuramnqrl), IB (iminobiotmylX PA 0-alaiqrl), 
DA (D-alaiqrlX Adp (aimnoetbyldibenzofuianylpropanoie addX Aic (3-({>-aniinoetfayl.ifo). 
cholyl, a derivative of diofic add), lY OodotyiosylX (Mnediyl (caiboi^-teiminal mediyl 
esterX JV-me (A^mediyl peptide bond), DeoxyCA (deoxyduriyl) and LithoCA (lithocholyl). 
10 ^fodulaloroompoands having an Aic modifying gnn^ at either the amino- or 

caiboxy-terminus {fi.g., PPI-408 and PPMl 8) were synthesized usmg known methods (see 
e.g.^ Wess, G. et aL (1 993) Tetrahedron Letters, 24:817-822; Wess, G. et al. (1992) 
Tetrahedron Letters H.i 95-198). Briefly, 3-tfO-a<2-aminoethyl)-cholic add (3p<2- 
aminoethoxy)-7a.l2a-dihydroxy-5p-cholanoic add) was converted to the FMOC-protected 
1 5 derivative using FMOC-OSu (the hydtoxysuccinimide ester of the FMOC group, which is 
onnmexcially available) to c^tain a reagent that was used to introduce the cholic acid 
derivative into the conqKnud. ForN-tetminal httroduetion of tiie cholic acid moiety, the 
FMOC-protected reagent was coiq>Ied to the N-tetminal amino add of a solid-phase peptide 
in the standard manner, followed standard FMOC-deprotection conditions and subsequem 
20 cleavage from tiieiesm, followed by HPLC purification. ForC-teimmalmtioductionofdie 
cholic add moiety, die FMOCfrotected reagent was attached to 2-chlorotrityl chloride lesin 
in the standard manner. This ammo acyl derivadzed resin was tiien used mdw standard 
maimer to synthesize tiie conqilete modified peptide. 

The modulatMs were evahiated m the nucleation and seeded extension assays 
25 described in Example 6 and die results are summarized below in Table V. The change in lag 
time (ALag) is presented as the ratio of the lag time observed in the presence of tiie test 
conqxnmdtotiielagtimeoftiiecantroL Data are reported fi>r assays in tiie presence of 100 
mole % mhibitor relative to die eoncentraticm of APj^ except for PPI-315, PPI-348, 
PH-380. PPI-407 and PPI-418, fijr which d)e data is lepotted in dw presence of 33 mole % 
30 inhibhor. Inhibition (%Ifluci'ta)>s listed as die percent reduction m die maximum observed 
turbidity mdw control at die end ofdie assay time period. Inhibition in die extension assay 
Wn) listed as die percoit reduction of duoflavin-T fluorescence of P-^ructure in die 
presence of 25 mole % inhibitor. Compounds widi a % of at least 30% are highlighted 
in bold. 
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Table V - 



Ref.# 


N-Tenn. 
Mod. 


Peptisis 


C-TcniL 
Mod. 


ALas 








CA 


- 


•oh 


1.0 


0 


ND* 


PPI-315 


CA 


HQKLVFF 


-nh2 


1.1 


5- 


ND 


PPI-316 


NANA 


HQKLVFF 


-ah2 


1.5 


-15 


ND 


PPM19 


CA 


KLVFF 


-nhj 


SA 


79 


52 




CA 


HDSGY 




LI 


-18 


ND 


PPI04S 


CA 


HQKLVFF 


•Ob 


2.0 


TO** 


ND 


PPI.349 


CA 


QKLVFF 


H»b 


>5 


100 


56 


PPI-350 


CA 


KLVFF 


-Ob 


1.8 


72 


11 


PPI-365 


CA 


AAAAA 


-oh 


0.8 


-7 


0 


PPl-366 


CA 


QKLVF 


•oh 


3.1 


-23 


ND 


PPI-368 


CA 


LVFFA 


-oh 


>5 


100 


91 


PPI'369 


CA 


KLTFF 


oh 


1.1 


•16 


44 


PPI.370 


CA 


KLVAF 


-ob 


2j6 


73 


31 


PPI-371 


CA 


KLVFF(pA) 


-oh 


2JS 


76 


80 


PPI-372 


CA 


FKFVL 


-oh 


0.8 


45 


37 


PPI-373 


NANA 


KLVFF 


-oh 


0.9 


16 


8 


PPW74 


IB 


KLVFF 


-oh 


IJ 


86 


0 




CA 


KTVFF 


-oh 


1.2 


18 


21 


PPl-377 


h- 


KLVFF 


•oh 


1.1 


0 


8 


PPI-379 


CA 


LVFFAE 


-oh 


lA 


55 


16 


PPI-380 


CA 


LVFF 


-oh 


IJS 


72** 


51 


PPI-381 


CA 


LVFF(DA) 


-oh 


23 


56 


11 


PPI-382 


CA 


LVFFA 


•nh) 


1.0 


-200 


91 


PPI-383 




VFF 


-oh 


0.4 


14 


0 


PP1.386 


h- 


LVFFA 


-oh 


1.0 


15 


11 


PPl-387 


h- 


KLVFF 


-nh2 


1.3 


-9 


39 


PPI-388 


CA 


AVFFA 


-oh 


1.4 


68 


44 


PPI-389 


CA 


LAFFA 


•oh 


1.5 


47 


66 


PPI-390 


CA 


LVAFA 


-oh 


2.7 


25 


0 




1 CA 


VIVA 


-oh 


2J) 


76 


10 


PPI-393 


CA 


LVF 


•oh 


1.3 


1 


0 


PPI-394 


CA 


VFF 


•oh 


ts 


55 


0 


PPI-395 


CA 


FFA 


•oh 




51 


6 


PPI-396 


CA 


LV(IY)FA 


•oh 


>5 


100 


71 


PPI-401 


CA 


LVFFA 


-o-m ethyl 


ND . 


ND 


0 


PPI-405 


b- 


LVFFA 


-nh2 


1.3 


11 


70 


PPI-407 


CA 


LVFFK 


-oh 


>5 


100** 


85 


PPI-4(I8 


b- 


LVFFA 


(Aic)-ol> 


33 


46 


3 


PPMIS 


h-(Aie) 


LVFFA 


•oh 


>5 


100** 


87 


PPI-426 


CA 


FFVLA 


-oh 


>5 


100 


89 


PPI-391 


CA 


LVFAA 


■oh 


1.6 


40 


ND 


PPI-397 


CA 


LVF(IY>A 


-oh 


>5 


95 


ND 


PPI-400 


CA 


AVAFA 


-oh 


1.0 


-15 


ND 
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PPI-403 








1 A 


-75 


0 


PPI-404 






-on 


1 o 
l.o 


-29 


7 


PPI-424 




vrr/\ 


-Oil 


1 o 
J.U 


-1 14 


82 


PPM25 


LnhoCA 


LVFFA 


-Ob 


2.8 


-229 


0 


PPM28 


CA 


FF 


-oh 


1.7 


-78 


IS 


PPI-429 


CA 


FFV 


•oh 


Z2 


-33 


7 


PPI-430 


CA 


FFVL 


•oh 


4J 


33 


75 


PPI.433 




JLVM-A 
(aBD amino 
ackb) 


• 

-oh 


2.8 


27 


ND 


PPM35 


t-Boc 


LVFFA 


-oh 


3.0 


-5 


ND 


PPI-438 


CA 


OFF 


-oh 1 


1.0 


0 


ND 



♦• = 33raoJ96 

- b-DDIIKAf-Me-VaDDLUAdp) 
H>Dn(Af.Me.Uu)VEH(Adp) 



Certain compounds shown in Table V (PPI-3 19, PPI-349, FPI-3S0, PPI.368 and PPI- 
426) also were tested in neurotoxicity assays such as those described in Example 10. For 
each compound, the delay of the appearance of neurotoxicity relative to control coincided 
with the delay in the time at which polymerization of Ap began in the nucleation assays. 
This coneiaiion between the iwevention of fonnation of neurotoxic Ap species and fte 
prcvemiwt of polymerization of A? was consistently observed for all compounds tested. 

The results ^miwb in Table V demonstrate that at an effective modulator compound 
can comprise as few as three Ap amino adds residues (see PPI-394. comprising the amino 
add sequence VFF, vduch corresponds to AP18.20, and PPI-395, comprising the amino acid 
sequence FFA, which eonespoods to Ap,9.2i). The xesuhs also demonstrate that a modulator 
compound having a modulating group at its cari)oxy-iennmus is effective at inhibiting Ap 
aggregation (see PPM08, modified at its C-teiminus with Aic). Still further, the results 
demonstrate that the cholyl group, as a modulating group, can be manipulated yMe 
m ai nt a in i ng the inhibitory activity of the compounds (see PFI-408 and PPI-418, both of 
vidiich comprise the cholyl derivative Aic). The free amino groi^ of the Aic derivative of 
cholic acid represents a position at which a chelation group for ^^mxc can be intiwiuced, e.g., 
to create a diagnostic agent. Additionally, die ability to substitute iodotyiosyl for 
[dieitylalanine at position 1 9 w 20 of the Ap sequence (see PPI-396 and PPI-397) v**ile 
m a intaining the ability of the conqjound to inhibit Ap aggregation indicates that tiie 
compound could be labded with radioactive iodine, e.g., to create a diagnostic agent, withom 
loss of the inhiUtoiy activity of the cnnpound. 

Finally, compounds with inhibitory activity were created using Ap derived nmfao 
acids but v^erein die amino add sequence was rearranged or had a substitution whh a noiw 
Ap-derived amino add. Examples of such compounds indude PPI-426, in ^»*ich the 
sequence of AP17.21 (LVFFA) has been reananged (FFVLA), PPI-372. in which the 
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sequence ofAPi^^io (KLVFF) has been iwnangcd (FKFVL), and PPI-388, -389 and -390, in 
which the sequence of AP17.2] (LVFFA) has been sub^ituted at position I7» 18 or 19, 
respectively, with an ahmine lesidue (AVFFA for PPI-388. LAFFA for PPI-389 and LVAFA 
fbrPPI-390). The inMbitoiy activity ofth^ compounds indkaie that the preset 
compound of an » m i nn acid sequence dxrecdy conesponding to a portion of AP is not 
essential for inhibitory activity, but rather suggests tiutt maintenance of die hydnq^cAic 
nature of this core region, by inchmon of amino acid residnes such as ptenylalaniK, valine, 
leucine, regardless of their precise order, can be sufBdent for infaiinticm of Ap aggregatioru 



10 EXAMPLE 111 OiaraeterizstionofiJ-AmyloidModi^ 

Comprisiiig an Unmodified ^Amyloid Pqitjde 

To examine the ability of unmodified Ap peptides to modulate aggregation of natural 
P-AP, a series of Ap peptides having amino- and/or carboxy terminal deletions as con^iared 

15 to Ap I having internal ammo acids deleted (/.£. . noncontiguous peptides), were 

prepared. One peptide (PPI-220) had additional, non-AP*derived anuno acid residues at its 
amino-terminus. These peptides aU had a fieeaniirio group at the amixio-terininusa^ 
carboxylic acid at the caiboxy-ternunus. These unmodified peptides were evaluated in assays 
as described in Example 7. TheresultsaresumrnarizedbelowinTable VI, wherein die data 

20 is piesemed as described in Exanqile 7. Confounds exhibiting at least a Infold increase in 
lag time are highlighted in bold 



Tabic VI 





ABPentide 




Fold Incicase 
jq Lag Time 


% Inhibition 
of Plateau 


PPI.226 




100 


1^ 


76 


PPI-227 




100 


-1 


47 


PPI-228 




100 


>4^ 


100 


PPI-229 


AP21.35 


100 


-1 


~0 


FPI-230 




100 


0.8 




PFI-231 




100 


~1 


18 


PPI-247 


AP,.mift^(A31-35) 


100 


-1 


-0 


FPI-248 


AP,.M.3,^(A26-30) 


100 


1^ 


~0 


PPI-249 


A&,.,(L2«^(A21-25) 


lot 


237 


-0 


PPI-250 


A&,.,^2,^o(Al6-20) 


100 


L55 


-4) 


PPI-251 


AP,.,o ,«^(An-15) 


100 




~0 


PPI«252 




100 


1.9 


33 


PPI-253 


aPhp 


100 


1.9 


-0 


PPI.220 


ECVVIIHIIHQQ>APi6^ 


100 


>4 


100 
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The results shorn ia Table VI demcnistiBte that limited 
a sigmficaiit iahilntojy effect CO natuxal ^AP aggt^ation even ni>» 
modified by a modifyiog gmrxp. Pzefetred timnodified pq>tides are A^jo (PPI-226), 
AP16.30 (PPI-228X Ap,.2o^ 2W0 (PPI-249) and EEWHHHHQQ-Apifi^o (PPI-220), the amino 
5 aeidseqttencesof«AichareshoiminSEQIDNQs:4,14,lS,aDdl6,respecdv^^^ 



Fomiing pan of diis disdosnre is tiie qipended Sequence Listing, die craients 
wludi are sommarize in tiie TaUe bdow. 



1 SEOIDNO: 


1 Amino Acids 


iTTOOe ^gquence i 


1 I 


1 43 dmino acids 


1 AA« 1 
APH3 


2 


1 1 03 aiwinn a^idg 




3 


1 43 amino nfid^ 


1 AA« ^« no 91) m11r9fn/l^ 1 


4 


1 HDSGYEVHHOKLVFF 


1 AA^ ^« i 


1 S 


1 HOKLVFFA 


^P6-?ff 1 


6 


Ihqklvff 




7 


iQKLVFFA 




1 ' 


1 QKLVFF 




9 


Iklvffa 




10 


KLVFF 


1 ABi^ m t 


11 


LVFFA 


1 Adi'v «ii 1 

-^17-21 i 


12 


LVFF 


1 AB17 *)A 1 


1 1 


LAFFA 1 


[ "»*I7-2P ■ 


14 


KLVFFAEDVGSNKGA 


ABi^-sn 1 


IS 


1 35 amino adds | 


Api.*?!! 'MLiin 1 


16 


35 *mtiin acids 1 


EEWHHHHQQ-pAPi^i^ 1 


17 


AGAAAAGA | 


PrPpeptide 1 


18 


AILSS I 


amylin peptide | 


19 


VFF 




20 


FFA 1 


APiMi 1 




FFVLA 


AP17.2] (scrambled) 1 


1 ^ 


LVFFK 


AP,7.21 (A2,-K) 


1 23 1 


LVaY)FA 


Apn.21 (Fi9-»IY) 1 


24 1 


VFFA 1 


APlg.2! 1 


25 


AVFFA 


AP17.21 (L.r^A) I 


26 


LVFaY)A 


AP17.21 (F2o->IY) 1 


1 i 


LVFFAE 1 


AP,7.22 1 


1 28 1 


FFVL I, 


'^P>7-20 (scrambled) | 
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29 - 


FKFVL 


API6.20 (soamMed) 


30 


KLVAF 


APi6.2o(Fir^A) 


31 


KLVFF(pA) 


APl6.21 (A2t-»pA) 


32 


LVFFOA) 


AP17.21 (A2i->DA) 



EQUIVALENTS 

Those ddUed in the an vviU recognize, or be able to asoer^ 
loudne experimentation, many equivalents to the specific embodiments of tfie invention 
desctibed herein. Such equivalents are intended to be encompassed by the following claims. 
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(2) mSORMATZON FOR 8BQ ZD 2iO:l: 

(1) SEQOENCS CHARACTBRISTZCS: 
(A) LEKOTB: 43 amino acids 
5 (B) TYPBs amino acid 

(D) TOPOLOGY: linear 

(ii) HOLBCOLE TYPS: peptide 

0 (v) FBAOMBtrr TYFB: internal 

(xi) SEQOBNCB DBSOtlPTICai: SBQ ID NOtl: 

A^ Ala Glu Phe Arg His A^ Ser Gly Tyr Glu Val His His Gin Lys 
5X5 10 15 

Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys Gly Ala He Zle 
20 25 30 

0 Gly Leu Met Val Gly Gly Val Val Zle Ala Thr 

35 40 



5 



0 



5 



(2) IMFORHATZON FOR SEQ ZD 110:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LEKGTB: 103 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii> HOLECULB TYPE: peptide 

(v) FRAraSENT TYPE: internal 

5 (xi) SEQOEMCB DBSCRZPTXW: SEQ ID liO:2: 

Glu Val Lys Met Asp Ala Olu Phe Arg His Asp Ser Gly Tyr Glu Val 
15 10 15 

0 Bis Bis Gin Lys Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys 

20 25 30 



Gly Ala He He Gly Leu Met Val Oly Gly Val Val Zle Ala rhr Val 
35 40 45 

He val Zle Thr Leu Val Met Leu Lys Lys Lys Gin Tyr Thr Ser Zle 
50 55 $0 



His His Gly Val Val Glu Val Asp Ala Ala Val Thr Pro Glu Glu Arg 
0 €S 70 • 75 SO 

His Leu Ser Lys Met Gin Gin Asn Gly Tyr Glu Asn Pro Thr Tyr Lys 
B5 90 95 

5 Phe Phe Glu Gin Met Gin Asn 

100 



(2) INFORMATION TOR SBQ ID N0:3; 



wo 96/28471 PCI7US96A04» 

(i) SEQtJSNCE CHARACTERISTICS: 

(A) IiBN<3TH: 43 amino acids 

(B) TITPS: amino acid 
5 (D) TOPOLOGY: linear 



10 



30 



45 



(ii) MtSLBCDLB TYPE: peptide 
(v) FBAGmtEST TyPB: internal 



(ix) FBATQRB: 

(A) NAMB/lCBy: Modified site 

(B) LOCATI027: 19 

(D) 0TH5R IHFORMATION: /note^ Xaa is a hydropliobic amino 
IS acid 

(ix) FEATORE: 

(A) KAME/KEY: Modified Site 

(B) LOCATION: 20 

20 <D} OTHER IHFORMATIW: /note« Xaa is a hydrophobic amino 

acid 

(xi) SBQDERCB DESCRIPTION: SBQ ID NO: 3: 

25 Asp Ala Gltt Phe Arg Bis Asp Ser 01/ Tyr Qlu Val His Ris Oln Lys 

15 10 15 



Leu Val Xaa Xaa Ala Glu Asp Val Gly Ser Asn Lys Gly Ala He He 

20 25 30 

Gly Leu Met Val Gly Gly Val Val He Ala Thr 
35 40 



35 (2} INFORMATION FOR SBQ ID NO:4: 

(i) SBQDENCB CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPB: amino acid 
40 (D) TOPOLOGY: linear 

(ii) MOLBOnS TYPE: peptide 

(xi) SEQOENCE DESCRIPTION: SEQ ID NO: 4: 



Bis Asp Ser Gly Tyr Glu Val Bis Bis Gin Lys Leu val Phe Phe 
5 10 15 



SO (2) INFORMATICS FOR STO ID NO:5: 

(i) SEQUENCE OIARACTERISTICS : 

(A) I£NGTH: 8 amino acidS 

(B) TYPB: amino acid 
55 (D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
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to 

Bis Gin Lys Lm Val Phe Phe Ala 

5 

5 

(2) ZMFOSMATZair FOR SSQ ID 110:6! 

(i) SSQfUBNCB CHARACTERISTICS: 
(A) UaSGTB: 7 amino acids 
10 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOISCULB TYPS: peptide 

IS (Xi) SBQDBNCB DBSCRIPTK^T: SEQ ID 110:6: 

His Gin Lys Leu Val Phe Phe 

5 



20 



35 



SO 



(2) mFOHMATZdr FC^ SEQ ID NO:?: 



{i) SEQUENCE CHARACTERISTICS: 
(A) LStlQTH; 7 amino acids 
25 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) HCOiBCaLB TYPE: p^ide 

30 (xi) SSQIOBSCB DESCRIPTION: SEQ ID 210:7: 

Gin Lys Leu Val Phe Phe Ala 
5 



(2) INFORMATION FOR SEQ ID liO:8: 



(i) SBQDENCE CHARACTERISTICS: 
(A) LENGTH: 6 amino acids 
40 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) NOLBCDLE TYPE: peptide 

4S (xi) SEQI3BNCB DESCRIPTION: SEQ ID NO: 8: 

Gin Lys Leu Val Phe Phe 
5 



(2) INFORMATION FOR SEQ ID NO: 9: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 6 amino acids 
SS (B) TYPE: amino acid 

(D) TOPOLOGY: linear 



(ii) MOLBCDLE TYPE: peptide 



wo 9608471 rcrms96mm 

(xi) SEQUSnCB DBSCRZPTZGM: SBQ ID K0:9: 

Lys Leu Vol Phe Kie Ala 
5 



(2) ZKFORK&TIOai FOR SBQ ZD N0:10: 

(i) SEQDSNCE CHABACTERISTICS : 
10 {A) LENGTO: 5 amino acids 

(B) TTPB: amino acid 
(D) TOPOLOOTt linear 



IS 



20 



30 



35 



45 



SO 



(ii) KOLBCULE TYPE: peptide 

(xi) SEQUBliCE DBSCRIPTION: SEQ ZD 110:10: 

Lys Leu Val Phe Phe 
5 



(2) tUFQSMATION FOR SBQ ID NOsll: 

(i) SSQtTENCB CHARACTBRISTZCS: 
25 (A) LENQTB: 5 amino acids 

(B) tYPB7 amino acid 
(D) TOPQLOQY: linear 



(ii) MOLECULE TYPE: peptide 

(xi) SBQtJEKCe DESCSElIPTICni: SEQ ZD 110:11: 

Leu Val Phe Phe Ala 
5 



(2) INFORMATION FOR SBQ ID K0:12: 

(i) SEQT3BNCE CHARACTERISTICS: 
40 (A) LBNGTH: 4 amino acids 

IB) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLBCDLE TYPE: peptide 
(Xi) SBQUBNCE DBSCRIPTICNT: SEQ ID NO: 12: 
Leu Val Phe Phe 

(2) IHFOSNATIOII FOR SBQ ID NO: 13: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: peptide 



W09M8471 PCT/DS9M»4« 
(v) Fajuamm TYPB: internal 

5 (Xi) SBQOBNCB DBSC3lZPrZ0Kt SBQ ID KD:13: 

Leu Ala Phe Phe Ala 
1 5 



10 



30 



35 



40 



45 



(2) ZHFOSMATION VCSi SBQ ID HOsM; 



(i) SEQUE MCB CBARACTBRISTIC5 : 

(A) LEKRSTH: 15 amixio acids 
15 (B) TYPE: aoiino acid 

(D) TOPOLOGy: linear 

(ii) mUBCXSLR TYPE: peptide 

20 (v) FRAC3NEIIT TYPE: internal 

(xi) SBQUBKCB DBSCRIPTICN: SEQ ID 130:14: 

25 Lys Leu val Phe Phe Ala Glu Asp Val Qly Ser Asn Lys Gly Ala 

15 10 15 



(2) INPORMATIOH FOE SEQ ZD KD:15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOIiECDLB TYPE: peptide 

(v) FRAGMENT TYPE: internal 

(xi) SEQUENCE DE5CRIPTIC3N: SEQ ID 110:15: 

Asp Ala Glu Phe Arg Bis Asp Ser Gly Tyr Glu Val His His Gin Lys 
15 10 15 

Leu Val Phe Phe Ser Asn Lys Gly Ala lie He Gly Leu Het Val Gly 
20 25 30 



Gly Val Val 
50 35 



(2) INFORHATION FOR SEQ ID KO:16: 

55 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 
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to 

(ii) MOLHCDLS TYPS: peptide 
(v) FRAGMBNT TYPS: internal 

5 

(Xi) SBQDENCB DESCRIPTIQIf : SBQ ID 110:16: 

Glu Olu Val Val His His Eis fiis Gin Gin Iiys Leu Val Phe Phe Ala 
15 10 15 

Glu Asp Val Gly Ser Aan Lys Gly Ala He lie Gly l,eu Met Val Gly 
20 25 30 



10 



Gly Val Val 
15 35 



(2) niPOKHATXON FOR SBQ ID »0:17: 

20 (i) SBQDENCB CEAKACTBRISTXCS : 

(A) LBMGTH: 8 amino acids 

(B) TYPB: amino acid 
(D) TOPOLOGY: linear 

25 (ii) MOLBCOLB TYPE: peptide 

<v> FRAGMENT TYPE: internal 

30 (aei) SEQUENCE DESCRIPTZOH: SBQ ID MO: 17: 



35 



55 



Ala Gly Ala Ala Ala Ala Gly Ala 

1 5 



(2) INFORHATIW FOR SBQ ID 2K>:18: 



(i) SEQUSUCE CHARACTBRISTICS : 
(A) LENGTH: 5 amino acids 
40 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLBCDLE TYPE: peptide 

45 (v) TRABtmrr type: internal 

(xi) SEQQBKCE DESCRIPTION: 5EQ ID NO:1Bj 

50 Ala He Leu Ser Ser 

1 5 



(2) INFORMAriaN FOR SBQ ID 190:19: 

(i) SEQDEKCB CHARACTERISTICS: 

(A) LENGTH: 3 amino 'acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) HOLSCDLE TYPE: peptide 

(xi) SBSUSNCH DBSCRIFTXQIi: SBQ ID 110:19: 

5 

Val fibe Phe 
1 

10 (3) IHF0RNATZ0I7 FOR SBQ ID K0:20s 

(i) SBQfOEKCB CHARACTBRXSTZCS : 

(A) LENGTH: 3 amino acids 

(B) TVPB: amino acid 
IS (D) TOMLOGY: linear 

(ii) MOLECDLE TYPB: peptide 

(xi) SBQUBIiCB DBSCRIPTIONr: SBQ ZD K0:20: 



20 



35 



SO 



Phe Phe Ala 
1 



25 (2) niPORMATION FOR SBQ ZD X90:2Z: 

(i) SBQDBI7CB C3IARACTBRISTZCS : 

(A) LENGTH: 5 amino acids 

(B) TYPB: amino acid 
30 (D) TOPOLOOY: linear 

(ii) tiOLZCULE TCTBt peptide 

(Xi) SBQOZNCE DESCRZPTXCN: SBQ ID NO: 21: 



Phe Phe Val Leu Ala 

1 5 



40 (2) IHFOBMATIGN FOR SBQ ZD HO; 22: 

(i) SEQUENCE CRARACTBRXSTZCS ; 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
45 (D) TOPOLOOT: linear 

(ii) MOLBCOLE TYPE: peptide 

(Xi) SBQOWCE DESCSaPTZON: SBQ ZD NO: 22: 



Leu Val Phe Phe Lys 

1 5 



55 (2) ZNFORKATIOK FOR SBQ ZD NO:23: 

(1) S K Q U K NCE CRARACTERISTZCS : 

(A) LENGTH: 5 amino acids 

(B) TYPB: amino acid 



WOM28471 



(D) TOPOLOOT: linear 
(ii) MOLBCCLB TYPB: peptide 

5 (ix) FSATDRE: 

(A) JSaam/KBY: Modified Site 

(B) tiOCATZOK: 3 

(D) OTHER ZNFaBMmra; /noteo xaa iB iodotyrosyl 

10 (xi> SEgOENCB VSSCRlVTlWi SBQ ID MO£23: 

Leu Val Xaa Phe ia.a 
1 5 



15 



30 



4S 



(2) INTOHMATXOK FOR SfiQ ID fiO:24 3 



(i> SEQOEKCB CHARACTERISTICS: 
(A) LENGTH: 4 amino acids 
20 (B) TYPE: amino acid 

(O) TOPOLOGY: linear 

(ii) MOLBCDLB TYPE: peptide 

25 {xi} SEQdBNCB DBSCRIPTIQBr: SBQ ID 110:24: 

val Pbe Phe Ala 

1 



(2) INFORMATION FOR SEQ ID NO: 25: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 5 amino acids 
3S (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLBCDLB TYPE: peptide 

40 (xi) SEQDENCB DESCRIPTION: SBQ ID NO: 25: 

Ala Val Phe Phe Ala 
1 5 



(2) INFORMATION FOR SEQ ID NO:26: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 5 amino acids 
SO (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLBCDLB TYPE: peptide 

55 (ix) FEATDRE: 

(A) NAME/KEY: Modified site 

(B) LOCATION: 4 

(D) OTOER INFORMATION: /note» Xaa is iodotyrosyl 
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1x1) SBQfOBIirCB DESCRIPTION: SEQ ID liO:26: 

Leu Val Phe Xaa Ala 
1 



(2) INFOHMATIOK FOR SBQ ID NOs27: 

(i) SEQUSNCB CHARACTERISTICS: 
10 (A) LBHQTB: 6 amino acids 

(6) TYPE: amino acid 
(D) TOPOLOGY: linear 



IS 



20 



30 



35 



45 



50 



(ii) NOLBCOLE TYPE: p^tide 

(xi) SEOOENCE DESCRIPTION: SEQ ID MO: 27s 

Lttu Val Phe Phe Ala Glu 
1 5 

(2} IOTORMATIC»r FOR SBQ ID NO:2B: 



(i) SEQaBECB CHARACTERISTICS: 
25 (A) LENGTH: 4 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) HOLSCOLE TYPE: peptide 

(xi) SEQUEircE DESCRIPTION! SEQ ID NO: 28: 



Phe Phe Val Leu 

1 5 



(2) INFORMATION FOR SEQ ID NO:29! 



(i) SEQUENCE CHARACTERISTICS: 
40 (A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLBCDLE TYPE: peptide 

(xi) SEQP3NCE DESCRIPTION: SEQ ID N0:29: 

Phe Lys Phe Val Leu 
1 5 

(2) INFORMATION FOR SEQ ID N0:30: 



(i) SEQUENCE CHARACTERISTICS: 
55 (A) LENfflH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLBCOLE TYPE: peptide 



WOM»471 

(xi) S2Q0&NCB DESCRIFTIGN; SBQ ZD 210:30: 



PCT/D»MI34n 



Lys Leu Val Ala Phe 
5 1 5 



(2) ZHFOERKATZGN FOR SBQ ZD IK>s31; 

10 (i) SEQDESCE CaARACTERISTZCS : 

(A) LBHCTB: € amino acids ' 

(B) TYPB: amino acid 
(D) TOPOLOGY : linear 

IS (ii) M0LECDL5 ZYPB: p^tide 

(ix) FSATDRB: 

(A) KAHE/KBY: Modified site 

(B) LOCATION: 6 

20 (D) OTHER ZNFORMATZOH: /note- Xaa is beta-alanyl 

(xi) SEQDBKCB DESCRIPTION: SEQ ID NO: 31: 

Lya Leu Val Phe Phe Xaa 
25 X 



(2> INFORMATION FOR SBQ ZD N0:32: 

30 (i) SBQOENCE CHARACTSRZSTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE; amino acid 
<D) TOPOLOGY: linear 

35 (ii) mLECDLE TYPE: peptide 

(ix) FEATTIRE: 

(A) NANE/KEY: Modified site 

(B) LOCATION: 5 

40 (D) OTHER INFORMATION: /notes Xaa is D-alanyl 

(xi) SEQOBNCB DBSCRIPTICN: SBQ ID N0:32: 



45 



Leu Val Phe Phe Xaa 
1 



WOM«471 



CLAIMS 



pcxrus96m3M 



1 « An amyloid moduialor compoimd comprisiiig an amy loidogoic protein, or 
peptide ftagment thereof, coiq)led directly or indirectly to at least one modifying group such 
5 that the compound modulates the aggregation of natural amyloid proteins or peptides when 
contacted wiA the natural amy loidogenic proteins or peptides* 

2. The cQmpound of claim 1 « which inhibits aggregation of natural 
amyloidogenic piotrins or peptides vAisn contacted vdlfa the natural amyloidogenic proteins 

10 or peptides. 

3. The compound of claim U wherein the amyloidogenic protein, or peptide 
fiagmem thereof^ is selected from the group consisting of transthyretin (TTR), prion protein 
(PrP). islet amyloid polypeptide (lAPP), atrial natriuretic factor (ANF)* kappa light chain, 

15 lambda light chain, amyloid A, procalcitonin, cystatin C, p2 microglobulin. ApoA-I. gelsolin, 
procaicitonin, calcitonin, fibrinogen and lysozyme. 

4. A |}-amyloid peptide compound comprising a fonnula: 

20 

wherein Xaa is a ^amyloid peptide having an amino-tenninal amino acid residue 
conesponding to position 668 of p-amyloid precursor protein-770 (APP-770) or to a residue 
carboxy-ieraiinal to position 668 of APP-770, A is a modifying group attached directly or 
25 indirectly to the P-amyloid peptide of the compound such that the compound inhibits 
aggregation of natural p-arayloid peptides when contacted with the natural p-amyloid 
peptides, and n is an integer selected such that the compound inhibits aggregation of natural 
p-amyloid peptides when contacted with the natural p-amyloid peptides. 

30 5. The compound ofclaim 4, wherein ai least one A group is attached di^ 

indirectly to the amino tenninus of the p-amyloid peptide of the compound. 

6. Tbe compound of claim 4, wherein at least one A group is attached directly or 
indirectly to the carboxy terminus of the p-amyloid peptide of the compound. 

35 

7. The compound of claim 4, wherein at least one A group is atuched directly or 
indirectiy to a side chain of at least one amino acid residue of die p-amyloid peptide of the 
compound. 
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8. A P-amyloid modulator compound comprismg an aggregation core 
domain (ACD) coiq>l6d directly or indirectly to at lea^ one modifying groi^ (MG) such that 
the compound modulates the aggregation or inhibits the neurotoxicity of natural p*amyIoid 
peptides contacted with the natural p-amyloid peptides. 

9. Tbs compound of claim 8, wherein the aggregation core domain is 
modeled after a subregion of natmal p-amyloid peptide between 3 and 10 amino acids in 
length. 

1 0. A p-amyioid modulator compound comprising a formula: 



( Y-Xaai-Xaa2-Xaa3-Z 

wherein Xaa], Xaa2and Xaa3 are each axnino acid structures and at least two of Xaa], 
Xaa2 and Xaaj are, independently, selected £pom the group consisting of a leucine structure, a 
phenylalanine structure and a valine structure; 

Y, vAich may or may not be present is a peptidic structure having the 
foimula (Xaa)^, wherein Xaa is any amino acid structure and a is an integer from I to 15; 

Z, which may or may not be present is a peptidic struchire having the 
fomiula pCaa)t^ herein Xaa is any ammo acid strucnire and b is an integer from 1 to IS; and 
A is a modifying group attached directly or indirectly to the compound and n 

is an integer; 

Xaa|« Xaa2. Xaa3, Y, Z, A and n being selected such that the compotmd modulates 
the aggregation or inhibits the neurotoxicity of natural p-amyloid peptides when contacted 
with the natural p-amyloid peptides. 

1 1 . The compound of claim 1 0, wherein Xaa^ and Xaa2 are each phenylalanine 
structures. 

12. The compound of claun 10, wherein Xaa2 and Xaa3 are each phenylalanine 
structures. 

13. A p*amy loid modulator compound comprising a formula: 




( Y-Xaa]*Xaa2-Xaa3-Xaa4-Z 



vriiereuiXaaiffidXaaj aie amino acid stnictmes; 
X8a2 is a valine structure; 
Xaa4 is a plienylalanine stnictuze; 
S Y.wfaichmay orm^notbepreseni, isapq>tidicstructu^ 

foniiub(Xaa)B,v(1iereinXaa is any amino acid stn^^ 1 to IS; 

Z, Miiich may or may not be present, is apeptidic structure having the 
formula (Xaa)b,vy4iereinXaa is any amino add structure and bi 1 to IS; and 

A is a modifying groiq) attached directly or indirectly to the compound and n 

10 is an integer; 

Xaa] , Xaa3, Y, Z, A and n being selected such that the compound modulates the 
aggregation or inhibits the neurotoxicity of natural p-amyloid peptides M^ien contacted with 
the natural p-amyloid peptides. 



IS 14. The compound of claim 13, wherein Xaa| is a leucine straccure and Xaa3 is 

phenylalanine structure. 

« 

IS. A compound conq)rising the formula: 
20 A*Xaa) -Xaa2-Xaa3-Xaa4-Xaa5-Xaa5-Xaa7*Xaag-B 



M^ierein Xaal is a histidine suucture; 
Xaa2 is a glutamine structure; 
Xaa3 is a lysine structure; 
25 Xaa4 is a leucine structure; 

XaaS is a valine structure; 
Xaa6 is a phenylalanine structure; 
Xaa7 is a phenylalanine structure; 
Xaa8 is an alanine structure; 
30 A and B are modifyiiig groups attached directly or indirectly to the amino 

terminus and carboxy terminus, respectively, of the con^und; 

and vdierein XaapXaa^^Xaaj, Xaa^-Xaa^ or Xaaj may or may not be present; 
Xa^ may or may not be present; and 
at least one of A and B is present 

35 

1 6. A p^amyloid modulator compound comprising a modifying group attached 
directly or indirectly to a peptidic stnicture, wherein the peptidic structure comprises amino 
acid structures having an amino acid sequence selected from the group consisting of His-Gin* 
Lys-Leu-Val-Phe-Phe-AIa (SEQ ID NO: 5), His^ln-Lys-Leu-Val-Phe-Phe (SEQ ID NO: 6), 
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Gln-Lys-Leu-Val-Phe-Phe-Ala (SEQ ID NO: 7), Gln-Lys-LeihVal-Phe-Phe (SEQ ID NO: 8), 
Lys-Lcu-Val-Phe-Phe-Ala (SEQ ID NO: 9), Lys-Leu-Val-Phe-Phc (SEQ ID NO: 10), Lcu- 
Val-Phe-Phe^AIa (SEQ ID NO: 11), Lcu-Val-Phe-Phc (SEQ ID NO: 12), Leu-AJa-Phe-Phew 
Aia (SEQ ID NO: 13), Val-Phe-Phe (SEQ ID NO: 19), Phe-Phe-Ala (SEQ ID NO: 20), Phc- 
5 Phe-Val-Leu-Ala (SEQ ID NO: 21), Lcu-Val-Phe-Phe-Lys (SEQ ID NO: 22), Uu-VaJ- 
lodotyrosine-Phe-Ah (SEQ ID NO: 23X Val-Phc-Phe-Ala (SEQ ID NO: 24), Ala-Val-Phe- 
Phe-Ala (SEQ ID NO: 25), I^Val-Plie-Ic>dolyrasine*Ab (SEQ ID NO: 26), Leu-Val-Phe- 
Phe-Ala^Iu (SEQ ID NO: 27X Phe-Phe-Val-Lcu (SEQ ID NO: 28), Phe-Lys-Phe-Val-Lcu 
(SEQ ID NO: 29), Lys-Leu-Val-AIa-Pbe (SEQ ID NO: 30), Lys-Leu-Val-Phe-Phe-pAla 
10 (SEQ ID NO: 3 1) and Leu-Val-Phe-Phe-DAla (SEQ ID NO: 32), 

17. The compound of claim 1*16, wherein the modifying group comprises a 
cyclic, hfitecocycltc or polycydic group. 

15 18. The compound of claim 1-16, wherein the modifying groiq> contains a cis- 

decalin group. 

19. The compound of claim 1-16, wherein the modiiying group contains a 
cholanoyl stmcture. 

20 

20. The compoimd of claim 1 -1 6, wherein the modifying gnnip is a cholyl group. 

2 1 . The compound of claim 1 • 1 6, wherein the modifying groiq> comprises a 
bioiin-containing group, a dicthylene-uiarainepentaacctyl group, a (-)-menthoxyacetyl group. 

25 a fluorescein-containing group or an N-acetylneuraminyl grotQ>. 

22. The conqpound of claim 1-16, which is fiirther modified to aher a 
phamiacokinetic propeity of the compound. 

30 23. The compound of claim 1-16, which is further modified io label the compound 

with a detectable substance. 

24. The p-amyloid modulator which inhibits aggregation of natural P-amyloid 
pepddes when contacted with a molar excess amount of natural ^amyloid peptides. 

35 

25. A ^amyloid f)eptide compound comprising an amino acid ^uence having at 
least one amino acid deletion compared to pAP].39, such ftat the compound inhibits 
aggregation of naciual P-amyloid peptides when contacted with the natural (^amyloid 
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26. Ibe compound of claiin 25, ccmqirisii^ an amino add sequence whicb has at 
least one intemal amino acid deleted compared to pAPi.39. 



27. The compound of claim 25, comprising an amino acid sequmce which has at 
least one N*-tenninal amino acid deleted compared to 

28. The confound of claim 25, comprising an amino acid sequence Mdiich has at 
least one C-terminal amino add deleted compared to ^APi.39. 

29. A compound selected from the group consisting of PAP5.20 (^EQ ID NO: 4), 
PAP16-30 (SEQ ID NO: 14), PAP1.20, 26-40 (SEQ ID NO: 15) and EEWHHHHQQ-pAPij. 
40(S£QIDNO:16). 

30. A idiaimaceutical composition comprising the compound of claim 1 -29 and a 
phannaceutiGally acceptable carrier. 

31 Use ofthe compound of claim 1-29 in the manufacture of a medicament for 
the diagnosis of an amyloidogenic disease. 

32. Use ofthe compound of claim 1 -29 in the manu&cture of a medicament for 
the treatment of an amyloidogenic disease. 

33. A method for inhibiting aggregation of natural ^amyloid peptides, 
comprising contacting the natural P-amyloid peptides with the compound of claims 4-29 such 
that aggregation of the natural ^amyloid peptides is mhibited 

34. A method for mhiUtmg neurotoxidQr of natural |}-8myloid peptides, 
comprising contacting the natural Mmyloid peptides vdlh the conqiound of claim 4-29 such 
that neurotoxicity of the natural P-amyioid peptides is inhitrited. 

35. A method for detecting the presmce or absence of natural P-amyloid peptides 
in a biological sample, comprising: 

contacting a biological sanqple with the compound of 4-29; and 
detecting the compound bound to natural p-amyloid peptides to thereby detect the 
presence or absence of natural p-amyloid peptides in die biological sample. 
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36. " Ihe method of claim 35, wherein the fi-myUnd modulator oowpovaid and die 
biological saoqde are contacted in vitro. 

37. The method of claim 35, herein the P-amyloid modulator compound is 

5 contacted with the biological sample by admmistering the p-arayloid modulator compound to 
asulrject 

38. The mcfbod of claim 37, wherein die compound is labeled with radioactive 
technetium or radioactive iodine. 

10 

39. A method for detecting natural p-amyloid pepddes to facilitate diagnosis of a 
P*amyloidogenic disease, comprising: 

contactiAg a biological sample with the compound of daim 4-29; and 
detecting the compound bound to natural P-amyloid peptides to facilitate diagnosis of 
15 a p-amyloidogenic disease. 

40. The method of claim 39, wherein the p-amyloid modulator compound and the 
biological sample are contacted in vitro. 

20 4L The method of ciaun 39, wherem the P-amyloid modulator compound is 

contacted with the biological sample by administering the P-amyloid modulator compound to 
a subject 

42. The method of claun 4 1 , wherein the compound is labeled with radioactive 
25 technetium or radioactive iodine. 



43. The metiiod of claim 39, which facilhates diagnosis of Alzheimer's disease. 

44. A method for treating a subject for a disorder associated with amyloidosis. 
30 comprising: 

administering to the sulgect a thenq^eutically or prophylactically effective amount of 
theconqwund of daim 1-3 such that the subject is nnated for a disoider associated with 
amyloidosis. 



45. The method of claim 44, wherein the disorder is selected from the group 
consisting of familial amyloid polyneuropathy (Portuguese, Japanese and Swedish typesX 
fenulial amyloid cardiomyopathy (Danish type), isolated cardiac amyloid, systemic senUe 
amyloidosis, scr^ie, bovine ^ngiform encephalopathy, Creutrfeldt Jakob disease, 
Geramann-Sirausslcr-Scheinker syndrome, adult onset diabetes, insulinoma, isolated atrial 
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8myloidosis»7diopathic (primary) amyloidosis, myeloma or macroglobulinemia-assoctated 
amyloidosis, piimaiy localized cutaneous nodular amyloidosis associated with Sjogieo*s 
syndxome, reactive (secondaiy) amyloidosis, &milial Mediterranean Fever and fiumlial 
amyloid nqshropathy widi urticaria and deafiiess (Muckle-WeUs syxKirome), heieditary 
cerebral hemorriiage vnA amyloidosis of Icelandic type« amyloidosis associated with k>ng 
term hemodialysis, hereditary non-neuropalhic systemic amyloidosis (&milial amyloid 
polyneuropathy mX &milial amyloidosis of Finnish type, amyloidosis associated witb 
medullary caxdnma of tfie thyroid, fibrinc^en-associated hereditary renal amyloidosis and 
lyso^me-associated hereditary systemic amyloidosis. 

46. A method for treating a sutyect for a disorder associated with ^-amyloidosis, 
comprising: 

administering to the subject a tter^pemically efibcdve amount of the conqx)und of 
claim 4*29 such that the subject is treated for a disorder associated with ^-amyloidosis. 

47. The method of claim 46, wherein the disorder is Al^imer's disease. 



48. A method for treating a subject for a disorder associated with ^-amyloidosis, 
comprising: 

20 administeririg to the subject a recombinant esqxession vector encoding the compound 

of chum 25-29 such that the compound is synthesized in the subject and the subject is treated 
for a disorder associated with ^--amyloidosis. 



49. The method of claim 48. wherein the discnder is Alzheimer's disease. 

25 
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and based on the alleged effects of the compound/composition. 

OBSCURITIES 

The scope of the claims 1-13 and 17-21 Is very broad and speculative. 
Compounds which are mainly^ and In at least part of the claims even 
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''modifying group", which expressions themselves are Ill-defined, cannot 
be considered to represent a clear and concise definition of patentable 
subject matter (Art. 6 PCT) 

Furthermore the available experimental data actually only comprise a very 
small part of the compounds claimed, which part Is moreover not evenly 
distributed over the whole claimed area (actually only specifically modified 
fragments of beta-anrylold protein have been exemplified). Therefore the claims 
can also not be considered to represent a permissible generalization which Is 
fairly based on experimental evidence, that Is. they are also not adequately 
supported by the description (Art. 6 PCT) 

Therefore a meaningful and economically feasible search could not encompass 
the complete subject-matter of the claims. 

Consequently the search has been limited to the actually synthesized examples 
and (closely) related analogs and therefore only the claims 14-16 and 25-29 
have been searched completely. (Art.l7(2)(a)(11)PCT) 
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